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PIRSSONITE. 


A new and rare mineral from Borax Lake, California. This interesting 
species is fully described by Mr. J. H. Pratt in this number of the American 
Journal of Science. 

We were so fortunate as to secure all purchasable specimens and offer smal] 
but perfect crystals at 40c to $2.50 each. Several of largest size and rarest 
form at higher prices. (One crystal associated with Northupite.) 


RARE AUSTRALIAN MINERALS, 


Seldom seen in American Collections. 
They have sold rapidly, and collectors desiring them will do well to orde1 
at once, 
The following are among the most interesting and novel ones left : 
NEWBERYITE in aggregations of crystals, . 50c. to $1.00 
PHACOLITE, splendid twin crystals of this beautiful 


Zeolite on gangue, $1.00 to $3.00 


BROMYRITE, crystallized, $1.00 to $6.00 
GMELINITE. hie finest ex: ample s we have ever seen. 


One each at 3 ‘ $1.50 and $2.50 
CERUSSITE, some good. small ones ale ft. 50e. to 00 
PYROMORPHITE for the microscope in minute crys- 


tals of modified form and great brilliancy, . : . Mounts, 50c. each 


FROM PATERSON, X. J. 

A collection made some time ago gives us some good specimens which ar 
offered at low prices, 25c. to $1.00 each. Thaumasite crystals, Pectolite 
in large balls of radiated structure, Prehnite, Apophyllite and Heulan- 
dite. 


TERMINATED CRYSTALS OF PECTOLITE. 


A choice lot from Guttenburg, N. J. 
Loose aggregations of iridescent and almost snow white prisms associated 
with bright Prehnite. Handsome and desirable specimens, 7oc. to $1.00. 


MINERALS SENT ON APPROVAL to responsible parties in any 
part of the world, by freight, express, or post. (We deliver them to you fre: 
of charge with privilege of selection and return.) 

Catalogue and circulars on application. 


SCIENTIFIC BOOKS. 
One of the largest stocks in America 
Catalogues just out on subjects of 
Geology, Mineralogy, Meteorites, 
Paleontology, , Crystallography, Mining, 
Geolo;*cal Surveys, Lithology, Metallurgy. 


If you are looking for books it will pay you to send for our lists. (Please 
mention subject.) 


Dr. A. E. FOOTE, 


WarREN M. Foote, Manager. 
1224-26-28 North Forty-First Street, 
PHILADELPHIA, PA, U.S. A. 
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Art. XII.— Zhe Molluscan Archetype considered as a Veliger- 
like Form, with discussions of certain points in Molluscan 


Morphology ;* by A. E. VERRILL. 


A NUMBER of years ago Professor R. Lancaster published 
diagrammatic figures and a description of what he called a 
“schematic molluse” or an “archemolluse.” He distinctly 
stated, however, that he did not claim that it was an archetype 
in the sense of having been the actual original form from which 
all later mollusks have been developed.+ His archetype has, how- 
ever, been assumed by many later writers to represent the 
actual primitive or ancestral mollusk, from which all modern 
forms may have been derived. 

It is my present purpose to give some reasons for consider- 
ing such an idea as unwarranted by our actual knowledge, and 
to explain what I believe to have been the actual archemol- 
lusks, or primitive forms of Mollusca. 

Observation and experience in many other cases show that 
we cannot expect to find an archetypical or primitive form of 
a great and diversified group among the highly specialized 
adult forms now living. Weshould look for such primitive 


* Abstract of a paper read before the National Acad. of Science, Washington, 
D. C., April, 1896. 

+ Encyclop. Britannica, ed. ix, vol. xvi, p. 635, 1883. His statement is as fol- 
lows: “Such a schematic mollusc is not to be regarded as an archetype, in the 
sense which has been attributed to that word, nor as an idea present to a creat- 
ing mind, nor even as an epitome of developmental laws. Were knowledge 
sufficient, we should wish to make this schematic molluse the representation of 
the actual molluscan ancestor from which the various living forms have sprung. 
To definitely claim for our schematic form any such significance in the present 
state of knowledge would be premature, but it may be taken as more or less 
coinciding with what we are justified, under present conditions, in picturing to 
ourselves as the original mollusc or arche-mollusc.” 
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forms among the early larval stages of those groups that 
undergo a marked metamorphosis, and especially among those 
larval forms that reappear in groups differing so widely among 
themselves, when adult, that they must be considered as dis- 
tinct classes and orders. In the case of the Mollusca, we have, 
in the form of larva known as the velzger, and in the slightly 
younger stages that I have called the proveliger and subvel- 
iger,* organisms that swim free, and often seek their own 
food, and which, in all respects, seem to have claims to be con- 
sidered as the nearest living representatives of the ancestral 
molluscan archetype, or archetypes, for it is quite probable 
that the different classes of Mollusca have descended from dis- 
tinctly differentiated, veliger-like organisms. Which of these 
may have been the most primitive it may not be possible to 
determine. 


FigukE 1.—Schematic mollusk, after Lancaster. A, dorsal; B, horizontal sec- 
tion; C, longitudinal section. jf, foot; m,m, mantle; s, shell; ¢, tentacle; 
g, gill-cavity; g’, gill; a, mouth; e, anus; h, heart; h’, aorta; k, nephridi- 
um; k’, nephridial duct; J, liver; i, gonad; y’, genital pore; n,n’,n", gan- 
glions. 


The archetype suggested by Lancaster was, to a very large 
extent, based on the actual structure of living chitons, which 
are peculiarly specialized creeping gastropod mollusks, in 
which the anus has secondarily acquired a posterior position, 
and in which the genital and renal organs are symmetrically 
placed on each side, posteriorly. These are conditions very 
unusual in adult mollusks generally,+ and probably never to be 
found in the larval forms, unless in those of the chitons and 
allies (Isopleura). 

In order that the real characters of Laneaster’s “ archemol- 
luse ” may be clearly understood, I have reproduced here three 


* This Journal, p. 78, July, 1896. 

+ Adult bivalves generally have the anus posterior and median, but the nephrid- 
ial and sexual ducts are ventral and lateral. In the veliger stages the anus is 
ventral and near the mouth, as usual. It gradually shifts backward as the foot 
grows larger. 
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of his diagrammatic figures. (Fig. 1, A. B.C.) This hypo- 
thetical form has a convex or low dome-like body with a sim- 
ple conical dorsal shell, partly enclosed in a dorsal mantle 
cavity, instead of the series of eight shelly dorsal plates found 
in chitons. (Fig. 2.) It has a well-developed, broad, ventral, 


FigurF 2.—One of the Chitonidz (Trachedermon exaratus, from life). A, dorsal 
and B, ventral views; a, mouth; e, anus; f, foot; g’, gills; y’, genital pore. 

FiGguRE 3.—Neomenia carinata. Ventral view. a, groove or rudimentary foot ; 
b, mouth; ec, anal area and rudimentary mantle. 


creeping foot, like that of chitons and many other o> 


It has a single posterior pair of pectinate gills (fig. 1, g’), 
instead of a row on each side, as in chitons. ‘It has the head 
and tentacles (¢) of a normal gastropod, instead of the degen- 
erate or abortive condition of these organs found in the 
chitons. (Fig. 2, B.) Even should we admit that this may 
represent the primitive form of true gastropods, it would seem 
impossible to derive from it a cephalopod or a bivalve, for the 
parts are represented as so highly modified and specialized that 
it would require us to imagine a backward development in 
order to return to a specialized condition of head, foot, shell, 
gills, intestine, ete., in order to find a starting point from 
which the bivalves and cephalopods might have been derived. 
But the chitons, themselves, undergo a marked metamorpho- 
sis and have a veliger stage somewhat different from that of 
ordinary marine gastropods. Therefore, if we are to consider 
this group as a primitive one, even among gastropods, it would 
be more natural to believe that the larvee of chitons approach 
more nearly to real archetypical forms than the adults do. 
This is doubtless true, for the chiton larva is a peculiar and 
rather simple veliger, with a rudimentary velum and a simple 
band of cilia. It “has, at first, only a simple shell-gland, like 
the veligers of other gastropods. Its ventral, or foot- region, 
early acquires a great longitudinal development, so that when 
the anus first appears it is situated farther back than usual. 
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This is, however, an exceptional condition in veligers, whether 
of gastropods, bivalves, or pteropods, and therefore cannot be 
rightly regarded as archetypical. 

The allied and still more peculiar Aplacophora (fig. 3) must 
be regarded as degenerate mollusks that have taken on worm- 
like forms adapted to their worm-like mode of life, burrowing 
inthe mud. In consequence of this, they have lost the cephalic 
sense organs, shell, ete., and the foot and odontophore have 
become nearly abortive. This group, though lowly organized, 
certainly cannot be regarded as a very primitive one, but it 
may have been derived from the primitive chitons (Placo- 
phora), by degeneration. 

The latter, although not to be regarded as archetypical for 
mollusks in general, nor even for gastropods, as a whole, must 
be considered a very early offshoot from the gastropod stem, 
and as a group which has developed in a very divergent line.* 
Fossil chitons occur as early as the Lower Silurian period, but 
normal gastropods of many kinds are abundant in much earlier 
periods. A considerable number occur even in the early Cam- 
brian. Of these several are limpet-like forms, and therefore 
were even then much modified from the real primitive forms, 
for all limpet-like living forms are known to have been derived 
from spiral shells, and still have a more or less spiral shell in 
the veliger stage. (Fig. 8.) 

Various well developed bivalves and cephalopods also occur 
in the Lower Cambrian rocks. Most of the classes and many of 
the orders and families had already been well differentiated 
before these earliest known fossiliferous rocks were deposited. 
Therefore we can hardly expect to ever find actual molluscan 
archetypes as fossils. Some of the very ancient fossil gastro- 
pods were, however, closely allied to certain living genera, 
such as Pleurotomaria and Fissurella. In these there are 
two anterior paired gills, two auricles, and several other very 
primitive characters. This group, in fact, must be regarded 
as more primitive even than the chitons, and therefore nearer 
to the true gastropod archetype. Unfortunately we do not 
know the larval stages of Pleurotomaria, but allied genera 
have veligers of the ordinary form. 

But for archetypical forms resembling those from which the 
several classes of mollusks may have been developed in pre- 
Cambrian ages, we must, I think, look among the early larval 
stages of existing Mollusca, as already suggested. From the 
simpler forms of the veligers and subveligers of gastropods 
and pteropods we may derive our clearest ideas of the earliest 
forms of primitive mollusean life (figs. 4 to 15). 

* Several prominent malacologists have recently considered the group (Jsop/leura) 
including these two divisions, as a class distinct from Gastropoda. I prefer, for 
the present, to consider the group as a sub-class. 
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In general, it may be stated that nearly all Gastropoda, 
except certain terrestrial and fresh-water forms, pass through 
veliger stages (figs. 4-11, p. 99); that nearly all Bivalvia, except 
fresh water mussels, pass through veliger stages (figs. 17-19) ; 
that the Scaphopoda pass through special forms of veligers 
(fig. 16); that the Pteropoda all have veliger stages, often 
with peculiar secondary modifications (figs. 12-15); that the 
dibranchiate Cephalopoda, so far as known, have an abbre- 
viated development, coincident with large eggs and a large 
amount of yolk, and that they leave the egg with the general 
structure of the adult, without passing through a true veliger 
stage. Terrestrial gastropods, and some fresh-water forms, also 
have large eggs and abbreviated metamorphoses, without pass- 
ing through a well marked veliger stage. The littoral genus 
Oncidium, among terrestrial pulmonates, affords exceptions to 
the rule, as it has a true veliger stage. 


Figure 17.—Proveliger of bivalve (Teredo navalis), side view. 

Figure 18.—Subveliger of Teredo. 

Figure 19 —Veliger of mussel (Dreissena), ventral view, showing weil formed 
foot (f ) capable of being used for locomotion and for attachment by secreting 
a byssus. For explanation of letters, see p. 98. 


In the ordinary proveliger stage (fig. 17), the larva of a 
bivalve, such as a clam or oyster, differs but little in structure 
from that of a spiral marine gastropod, or from that of a 
nudibranch gastropod, or a pteropod (fig. 12); nearly all the 


16. 
ap- 
FigvurE 16.—Veliger of Dentalium, with well formed bilobed shell (s). 
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organs of the proveligers and subveligers of these diverse 
groups can be strictly compared, part for part. Their princi- 
pal differences consist in the form of body; in the shell when 
it appears, and especially in the degree of development of the 
velum. This larval locomotive organ may be, as in bivalves, a 
simple, thickened, ciliated ridge around the cephalic region 
(fig. 18); it may develop two broad rounded ciliated lobes, as 
in most gastropods (figs. 6, 9); or these lobes may become sub- 
divided into four or more lobes, as in WVatica (fig. 10), and 
certain pteropods. 

These molluscan larvee, in an earlier stage of development, 
closely resemble the corresponding larvee of certain annelids ; 
they also resemble in several respects certain adult Rotifera. 
The first distinctive molluscan organ that appears is the shell- 
gland (figs. 12, 17, s'), which is formed by an invagination, at 
the posterior or postero-dorsal end.* Its universal presence in 
the larvee, even of such species as never have a shell, is very 
significant. The digestive system at this time may consist only 
of a simple cavity (stomodeum) and the mouth (a). The latter 
is situated antero-ventrally; it is usually, but not always, 
formed from the blastopore.t The anterior or cephalic region 
(ap) is differentiated at an early period, and carries a preoral 
circle of cilia representing the rudiment of the velum (v). 
The anus (e) is nearly always formed somewhat later than the 
mouth, by an invagination. At first it is usually only a little 
way back of the mouth. Its completion marks the true veliger 
stage. The foot begins in the proveliger as a slight ventral 
protrusion (), between the mouth and anus, and as it grows 
these two openings are pushed farther and farther apart ; they 
may finally arrive even at opposite ends of the body, as in the 
bivalves. The shell (s), beginning at the shell-gland, appears 
quite early in the subveliger stage, and soon spreads over 
much of the body, and at once shows by its form and 
structure to which class the veliger belongs, for in the sub- 
veligers of Bivalviat the shell is, from the first, bivalve 
(fig. 18); in that of the Scaphopoda it is saddle-shaped or sub- 
tubular (fig. 16, s); in that of the Gastropoda it is hemispherical 
or cup-shaped and usually more or less incurved,§ subspiral, or 


* It is not improbable that the secretion of the shell-gland was used as the first 
meaus of adhesion in many primitive forms of cephalopods and gastropods. 

+ According to the figures and descriptions of observers, the blastopore some- 
times becomes the anus, sometimes elongates and then divides to form both 
mouth and anus, but in much the largest number of groups it forms the mouth 
alone. 

¢ The name Bivalvia, given to this group by Linné, should replace the various 
later and less characteristic names, such as Lamellibranchiata, Pelecypoda, Con- 
chifera, Acephala, ete. 

§ The primary form was probably hemispherical or cup-shaped, a form still 
found in the veligers of many pteropods (figs. 13, 14). The first curvature or 
incurvature of the shell was probably due to the pulling action of the strong 
retractor muscles of the velum. This is very evidently the case in pteropod veli- 
gers in which the young shell is bent only a little, but precisely in the direction 
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distinctly spiral (figs. 7, 8, 9); in the Pteropoda* it is some- 
times spiral and sometimes conical or cornucopia-shaped (figs. 
(13, 14). Therefore some of the fundamental distinctions 
between these classes are clearly developed in the early veliger 
stages, at a time when the gills and heart have not appeared, 
and when the central nervous system is represented only by 
rudiments of the cerebral ganglions (fig. 13, m), and when the 
foot, itself, has no definite or characteristic form. 

These facts naturally lead to the conclusions that all mol- 
lusks have been derived from free-swimming forms similar to 
modern veligers and proveligers, and that each of the great 
classes, and perhaps some of the subclasses, had already become 
differentiated while still having veliger-like forms and modes 
of life, or in other words, that the primitive bivalves, scapho- 
pods, and gastropods, when adult, were all small, free-swim- 
ming forms, furnished with a ciliated locomotive organ, similar 
to the velum of modern veligers. Some of these swimming 
species may have developed directly a swimming foot adapted 
to a continued free-swimming existence, and thus the primi- 
tive pteropods may have originated. In others the primitive 
foot may have developed directly into a creeping disk, or into 
a sucker-like disk for adhesion while resting, from which the 
transition to a creeping disk would be easy. Many modern 
veligers (WVatica, tig. 11, ete.) acquire a well-formed creeping 
foot, with an operculum, before they lose the velum, so that 
they can either swim or creep at will. In this way the creep- 
ing Gastropoda may have arisen. In the case of the hetero- 
pods, which are free-swimming Gastropoda, with the foot in 
the form of a median fin, we often find a small cup-shaped 
sucker on the foot, which probably is used for adhesion to 
floating objects while resting. This may be the survival of a 
condition that was common among primitive gastropod veli- 
gers. Indeed the heteropods, as a group, may be of very 
ancient origin, and not derived, in comparatively recent times, 
from normal gastropods, as is often stated. Associated with 
the remains of other forms of pelagic animals, in paleozoic 
of the pull of the retractors (figs. 14, 15, 7, r'), which are here attached far back, 
near the end of the shell. When they are attached farther forward, the tendency 
is to cause a stronger curvature, as in gastropod veligers. The primary one- 
sided and spiral form of the shell is probably due to the inequality in size of the 
nutritive yolk-masses (figs. 6, 12, 13, u, w). 

* For my present purposes I prefer to treat the Pteropoda as a distinct class, 
but yet admit their close relations to the opisthobranchiate gastropods. The 
latter may have been derived from primitive pteropods, instead of the reverse, as 
claimed by Pelseneer. who holds that they are a modern group, not earlier than 
the Tertiary, and derived directly from two different families of living opistho- 
branchs. In the paleozoic rocks of America there are. however, an abundance 
of pteropod shells having all the shell-characters, including the peculiar nucleus, 
present in the common living genus Styliola or Creseis, even if the Tentaculites be 
not considered as pteropods. There is no good reason for denying the latter. 
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rocks, certain smali shells are found which appear to be true 
heteropods.* 

It is also easy to believe that adult free-swimming bivalves, 
with a permanent velum, may have been abundant in the 
ancient seas. It is even possible that some of the described 
small and delicate Cambrian bivalves may have been thus fur- 
nished. It is not difficult to understand how such forms may 
have developed a foot suitable for creeping or for adhesion by 
a sucker or byssus while still retaining the velum, for this still 
occurs in modern veligers (figs. 11, 19). It is significant that 
the most primitive of living bivalves (Wucula, Leda, Solemya, 
etc.) have the foot so modified that it can be used as a very 
effectual swimming organ. The allied ancient forms may have 
had a similar foot without losing the velum, and thus there may 
have been strictly pelagic adult bivalves of considerable size. 

The primitive Cephalopoda were probably also derived from 
veliger-like forms, though no true cephalopod veligers are yet 
known. It is not difficult to understand how a cephalopod 
could be derived from a proveliger similar to that of some 
pteropods and gastropods, by a special development of the foot 
into prehensile processes around the enlarged head, while the 
gill-cavity developed most on the ventral side, as in some 
pteropods. On the other hand, it seems impossible to derive 
a cephalopod or a bivalve from a creeping chiton-like archetype, 
such as Lancaster has proposed. 


* Especially the genera Microceras and Cyclura of the Lower Silurian. Some 
species referred to the former genus, which I have examined, have a dorsal carina 
and median slit like species of the modern genus Aélanta, which they also resem- 
ble closely in size and form. 


EXPLANATION OF FIGURES 4-15. 


Fiaures 4-11.—-Larval gastropods; 4, 5, younger and older veliger stages, 
diagrammatic ; 6, veliger of a nudibranch (Polycera) with shell; 7, simple incurved 
stage of early veliger shell of undetermined species; 8, early veliger of limpet 
(Patella) with similar subspiral shell; 9, mature veliger of Triforis, with reversed 
shel! and elongated foot; tentacles and eyes are well formed: 10, veligers of 
Natica, b, with four-lobed velum expanded; c, d, with velum nearly retracted, 
but showing foot; 11, the same, more enlarged and somewhat older, in the act of 
crawling, showing a well developed spiral shell, s, and a broad creeping foot, f, /, 
while the four-lobed velum, +, v, is still functionally active and capable of being 
used for swimming (from life). 

Figures 12-15.—Larval pteropods (after Fol); 12, proveliger of Cavolina 
13, subveliger of Cavolina; 14, veliger of the same; 15, more advanced young; 
to show curvature of shell probably due to action of the retractor muscle, r, 7”. 

The lettering is the same for all the figures of veligers in this paper (figs. 4-19); 
ap, apical plate; an, anterior pole; a, mouth; b, cesophagus; c, stomach; d, 
intestine; e, anus; e’, its rudiment; f, foot; f’, epipodium or wings of pteropod ; 
g, gill-cavity; g’, gill; h, heart; h’. aorta; i, eye; k, nephridium; k’, its duct; 
1, liver; U’, material out of which it is formed; m, mantle; m’, mantle edge; n, 
cerebral ganglion; n’, pleural ganglion; »", pedal ganglion; 0, operculum; of, 
otocyst ; 7,7’, retractor muscles of velum; s, shell, s’; shell gland; s”, its inte- 
rior; ¢, tentacle; wu, wu, nutritive sacs, or yolk substance; v, velum; 2, anal cells. 
The short vertical lines at each end indicate the antero-posterior axes of several. 
All are much eniarged. 

The sources of the veliger cuts are as follows: 4, 5, from Gegenbauer; 6, from 
Lancaster; 7, 9, 10, 11, from nature, by J. H. Emerton; 8, after Patten; 12, 13, 
14, 15, after Fol; 16, after Kowalevsky; 17, 18, after Hatschek; 19, after 
Korschelt and Heider. 
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Figures 4-11.—Veligers of Gastropoda; 
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Art. XIII.— The Geologie Efficacy of Alkali Carbonate Solu- 
tion; by E. W. HILGarp. 


[Read at the April meeting of the National Academy, 1896.] 


THE effects of carbonated water in the decomposition and 
the transformation of rocks are well understood, and are usually 
compared with those of other acid solvents occurring in nature. 
Among its most important effects are the decomposition of 
refractory silicates, such as the feldspars and hornblendes, and 
the dissolution and redeposition of earthy and metallic car- 
bonates. Its effects in connection with the alkalies are much less 
obvious, and the conditions under which alkali carbonates may 
be formed and maintained are far less thoroughly understood 
than in the case of the earthy and metallic compounds. While 
alkaline mineral waters are comparatively plentiful, the man- 
ner of their formation, under the varied conditions in which 
they are found to exist, is not at all obvious. Such waters, 
even when hot, are almost always strongly charged with car- 
bonic acid, which is supposed to have extracted the alkalies 
from their silicate combinations. This at least is the explana- 
tion usually given, since according to the ordinary conceptions 
of the relative “strength” of the mineral acids, it is not 
readily conceivable that the chlorids or sulphates of the alkali 
metals should be sensibly decomposed by the action of free 
carbonic acid, implying the formation of free chlorhydric or 
sulphuric acids. 

The rarity of the occurrence of alkali silicates in natural 
waters renders the derivation of the alkaline carbonate waters 
from them a somewhat forced conclusion. A discussion of 
several hundreds of analyses of well and spring waters showed 
only three in which alkali silicates were found, while all con- 
tained the chlorids and sulphates of the alkalies, usually together 
with calcic and magnesic carbonates. It is the object of this 
paper to discuss the possibilities of a much easier mode of for- 
mation, which explains both the very frequent occurrence of 
carbonated alkali waters and the presence of the accompany- 
ing salts of neutrai reaction. 

The rationale of this process of formation of alkali carbon- 
ates has been explained in papers heretofore published by me 
in “ Agricultural Science,” as well as in the proceedings of 
the “ Deutsche chemische Gesellschaft” for December, 1893. 
The investigation, made successively in conjunction with 
A. H. Weber and M. E. Jaffa, from 1887 to 1891, had for its 
starting point the observation frequently. made by me in the 
analyses of waters, that gypsum crystals are very commonly 
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observed in evaporation residues of intensely alkaline reaction 
upon litmus paper. This state of things, so completely con- 
trary to the play of affinities as set forth in our standard books 
of reference, seemed to call for a special investigation of its 
cause; which become the more interesting as the alternative 
presence of alkaline carbonates, sulphates and chlorids in the 
alkali soils of the arid region, in spots but a few yards apart, 
seemed to imply a connection with the above facts. 

It occurred to me that the presence of an excess of carbonic 
acid, or of “super-carbonates,” might be concerned in the 
apparent anomaly ; since normal alkali carbonates are described 
as standard precipitants of the earths, even in analytical opera- 
tions. In looking up the subject in the journals, I found that 
in 1826 already Brandes (Schweigger’s Journal, vol. 43, page 
156) had called attention to the fact that calcic carbonate is not 
precipitated from solutions containing only one part in 6,000 
to 7,000 of water, as observed by him in the investigation of 
the noted mineral water of Pyrmont. He moreover states 
directly, that sodium salts dissolved in that amount of water 
with calcic carbonate form sodic carbonate. It did not occur 
to him that the free carbonic gas, so abundantly contained in 
the Pyrmont water, had any part in the reaction. The matter 
attracted no further attention at the time; later writers 
attribute the failure of the calcic carbonate to come down 
under these conditions to “ the solvent effect of the alkali salts.” 

The next mention of the reaction is made in 1859 by Alex- 
ander Mueller of Stockholm. He states that carbonie gas 
passed into a solution of neutral alkali salts, in which ealcic 
carbonate is suspended, forms so large an amount of alkali 
carbonate as to render the reaction of the solution alkaline. 
The wide importance of the reaction, however, did not seem 
to occur to him at the time. 

In investigating the subject I quantitatively followed his pre- 
cedent; employing solutions of successively greater strength, 
from one quarter of a gram to a liter up to eight grams, where 
a critical point seems to have been reached. The compounds 
used were the sulphates of potassium and sodium ; the calcic 
carbonate was prepared by cold precipitation with ammonic car- 
bonate. We thus obtain an exceedingly fine precipitate, which 
readily remains suspended in water, and of which from 5 to 8 
grams were used in the experiment, so as to insure an excess. 
With a rapid current of carbonic gas the reaction is usually 
complete within forty minutes, a longer continuance producing 
no additional effect. Examination of the ‘sediment then shows 
an abundance of gypsum, while the solution is intensely alkaline. 

It might be supposed that in this ease the difficult solubility 
of calcic sulphate is a determining factor in the decomposition ; 
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but when, instead of the alkali sulphates, the chlorzd solutions 
are employed, the result is qualitatively the same; the highly 
soluble CaCl, coexisting in solution with the sodie or potas- 
sic hydro- -carbonate. 

Now when we consider the almost universal co-occurrence 
of the three factors, viz. calcium and magnesium carbonates, 
alkali chlorides and sulphates, and free carbonic acid in nature, 
both at the surface and in the geological strata, it is easily seen 
that this simple process of formation of the alkali carbonates 
must be of vastly more frequent occurrence than that which 
presupposes the existence of soluble alkali silicates. The fact 
that, as stated above, the evaporation residues of such well and 
spring waters nearly always show an alkaline reaction, is thus 
explained very simply, upon the easily verifiable supposition 
that they contain, not the normal salts, but in part at least the 
super-carbonates, whose presence is compatible with that of 
soluble earth salts.* 

When solutions prepared artificially as above described, and 
filtered, are then evaporated hot, the reaction goes back to a 
considerable extent, earth carbonate and alkali sulphate being 
again formed. But no amount of boiling will entirely destroy 
the alkaline reaction: as might be expected from the well 
known fact that in order to obtain the normal carbonate with 
certainty, it is necessary to use a red heat, and that all alkali 
carbonates exposed to atmospheric air absorb a small excess of 
carbonic acid. When, on the other hand, solutions thus pre- 
pared are allowed to evaporate spontaneously, at the ordinary 
temperature, the going-back occurs to a very much less extent, 
and in the case of soda especially the crystalline residue con- 
sists largely of “sesqui-carbonate.” The curves given on p. 103 
show at a glance the transformation of the sulphates of sodium 
and potassium into carbonates, under the influence of calcic 
carbonate and excess of carbonic acid in progressively stronger 
solutions. Corresponding experiments made with magnesic, 
instead of calcic, carbonate promptly showed that the same 
reaction occurs with at least equal facility. This renders it 
evident that the same must be true of many other earthy and 
metallic carbonates, but only the barium salt has been actually 
tried thus far, but with the expected result. As our systematic 
experiments were carried out with calcium carbonate only, the 


* A notable case of the direct formation of alkali carbonates in rock decompo- 
sition occurs in the northwest region of the Pacific Coast, where waters contain- 
ing alkaline carbonates almost alone, with only a trifling amount of silica, issue 
directly from the crevices*of the bare basaltic rock, which of course contains 
little or no sulphur compounds ; but the sulphates become abundant wherever this 
rock is associated with the later sedimentary deposits. Here, if anywhere, one 
would have expected to find alkali silicates as a direct result of rock decomposi- 
tion by carbonic acid. 
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latter is hereinafter always alone mentioned, it being doubtless 
the most important material in the natural occurrence of the 
reaction. But magnesic carbonate at least may be always con- 
sidered as practically included within the same considerations ; 
and while our experiments have for the convenience of the 
analytical operations been conducted with the sulphates, there 
can be no doubt that the chlorids must be included, although 
owing to the analytical difficulties encountered in their inves- 
tigation, it is still uncertain whether (as is probable) the limits 
of the carbonate formation are narrower than in the case of 
the sulphates, in which the calcic sulphate formed is partially 
thrown out of action in the form of gypsum crystals. 
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(The figures along upper line represent tenths of one per cent.) 


The method employed in the determination was to precipi- 
tate from the solution saturated with CO,, the ecalcic carbon- 
ate and sulphate by means of alcohol, added until its percentage 
reached about 65 per cent.; then titrating the filtrate (which is 
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practically free from lime) with standard acid. The outer 
curves represent the amount of hydrocarbonate formed in each 
case, the inner ones that remaining after hot evaporation. 
While the intervals between the successive points of obser- 
vation are wider than could be desired, there can be no 
doubt as to the general outcome. It is seen that up to 14 
grams per liter, the curves for sodium and potassium almost 
coincide, within the limits of errors of observation: from that 
oint, however, they rapidly diverge, the weight of the sodium 
salt formed becoming less than that of the potassium salt, as 
would be anticipated from the difference in atomic weight. 
At 8 grams per liter the respective amounts of the two salts 
formed are almost exactly in the proportion of their molecular 
weights and so continue to the limit of the experiments (ten 
grams). 

It will also be noted that up to one gram per liter in the 
case of the potassic salt, and to 8 grams per liter in the case 
of the sodic, the entire amount of alkali sulphate is transformed 
into carbonate. Beyond that point there is a rapid decrease in 
the proportion of sulphate transformed ; so that at 8 grams 
per liter only about one-fourth suffers the change, while at the 
came time the absolute amount formed has almost ceased to 
increase. The existence of this limit prevents this simple 
mode of producing sodic carbonate from being technically 
useful, as it would not pay to evaporate such dilute solutions. 
Nature, however, has, and still continues, to perform this ser- 
vice to humanity in the arid regions, from which Trona, Urao 
and Kara have for ages been imported into Europe, forming in 
former times the only source of sodie carbonate. In these 
crude commercial articles the chloride and sulphate is invaria- 
bly associated with the carbonate, to a greater or less degree, 
indicating plainly the process and the materials concerned in its 
formation. 

As to the calcie carbonate: Calcareous rocks are known to 
exist in the African and Mexican localities from which the 
respective products (Trona and Urao) are derived. But there 
is a wider cause for the almost universal presence of the calcic 
carbonate in the surface formations of the arid regions, which I 
have discussed elsewhere ;* a fact confirmed by either direct or 
casual observation of travelers and explorers in those regions, 
all over the world. The almost universally calcareous nature 
of the soils covering the region west of the Rocky Mountains, 
irrespective of the nature of underlying rocks or adjacent 
mountains, has now become a matter of common note. 

Alkali soils.—The phenomena just discussed afford an insight 


* See Bulletin No. 3, U.S. Weather Bureau, 1892; . Wollny’s Forschungen. etc., 
1893; Annales de la science agronomique, 1893; and Reports of the California 


Experiment Station. 
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into the perplexing alternations in the nature of the soluble 
salts existing in alkali soils, even in closely contiguous spots ; 
the alkali carbonates predominating in one spot, while in 
others, not many yards away, sulphc..2s and chlorides are 
altogether predominant. A detailed discussion shows that 
the carbonate almost always occurs in the lower, moister and 
denser soils, while the neutral salts predominate on the higher 
ground, and in open soils. Moreover, the carbonate always 
exists in larger relative proportion in the depths of the soil, 
where at times the carbonate of soda forms the almost exclusive 
ingredient ;* showing clearly that, wherever in the soil column 
carbonic acid is continually formed and retained, by fermenta- 
tive or oxidation processes, the formation of carbonate pre- 
dominates; while near the surface, under the influence of aéra- 
tion, the reverse process gains ascendency. 

The Alkali Carbonates as a geological agency.—The pow- 
erful chemical effects of alkali carbonates upon the rock ingre- 
dients hardly require discussion. From the radical results 
obtained in their fusion with silicates in the laboratory, to the 
more gentle action exerted by alkaline carbonated mineral 
waters in dissolving and redepositing silica, whether in the 
form of sinter or of gold-bearing quartz veins, there is a wide 
range of possible and probable reactions, less incisive than the 
former, and more so than the latter, that will readily explain a 
good many recondite as well as common phenomena of meta- 
morphism as well as of vein formation, without resort to 
violent hypotheses. Investigation has not yet progressed far 
enough to teach us what may be the measure and direction of 
the above reactions under the increase of heat and pressure, 
which is so common a factor in geological deposits, and which, 
with one accord, we connect with the phenomena of rock 
metamorphism. The liquid carbonic dioxide, found inclosed in 
quartz crystals, suggests forcibly to what extent the intensity 
of the reactions in which it participates may be carried in the 
depth of the earth ; and how under heavy pressure its mere 
preponderance of chemical mass may, in the case before us, 
intensify and multiply the reactions. 

Free carbonic acid, impregnating, in presence of earth carbon- 
ates, any solution of alkali salts, will form a solvent of ampho- 
teric reaction, both alkaline and acid in its solvent effects ; 
corresponding in the body of the earth to that other ampho- 
terie solvent, the hydrosodic and hydropotassie phosphates, 
which play so important a part in vegetable and animal bodies. 
In regard to the formation of deposits of metallic minerals we 
need but remember the facility with which alkali sulphids are 


* See Bulletin of the Cal. Exp. Station No. 108, “The distribution of the salts 
in alkali soils”; also Report of the same for 1894-95, 
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formed and decomposed in presence of metallic sulphids and 
oxids, and the solvent action so generally ensuing, to appreciate 
the important part they may play in this connection, especially 
under the frequent variations of pressure likely to occur in 
fissures, causing corresponding fluctuations in the amount and 
nature of the gases present. The almost constant co-occur- 
rence of calcic carbonate in gypsum deposits is exactly parallel 
to the effect produced by the carbonic gas passing into the 
magma of alkaline sulphates and calcic carbonate in the funda- 
mental experiment. The frequent paragenetic occurrence of 
earthy and metallic carbonates and sulphates (or in the case of 
heavy metals, of sulphids formed by the reduction of the latter) 
suggests a possible similar origin, more readily intelligible than 
the action of the solutions of caleic carbonate alone, which is 
commonly invoked for such transformations as that of angles- 
ite into cerussite, or of blende into smithsonite. In both 
these cases the alkali carbonates seem much more likely to be 
an efficient agency, especially in view of their more decided 
character in the excitation of electrolytic action. 

Physical Hffects.—Scarcely less important than the multi- 
farious chemical effects that may be produced by the superacid 
alkali-carbonate solutions, are the physical effects which they 
may and doubtless have exerted upon the consolidation and 
lithification of sedimentary deposits containing clay. The 
peculiar “ puddling” effect of dilute solutions of sodium car- 
bonate upon clays, to which I first called attention in 1872, is 
probably one of the most active agencies in converting ancient 
soils and other clayey alluvium into the compact masses of 
shales and hardened clays which are specially characteristic of 
all coal-bearing formations. The potency of this action is 
especially apparent, at this day, in the alkali lands of the arid 
regions ; where the spots or areas subject to this action of car- 
bonate solutions are seen to be conspicuously depressed below 
the level of the contiguous alkali-free land, in consequence of 
the collapse of the floccules usually existing in all soils, and 
characteristic of all recent alluvial deposits, as a result of the 
currents and counter-currents under whose influence they have 
been formed. The soil in such areas often becomes so far con- 
solidated as to resist all efforts at tillage or pulverization, so 
that even blasting with dynamite will sometimes only throw 
up large chunks of consolidated soil. The clay hardpan thus 
formed in the depths even of lands not so heavily impregnated 
is of a similar nature, and forms one of the most formidable 
obstacles to the reclamation of such lands. It can in fact be 
overcome only by the chemical decomposition or transforma- 
tion of the alkali carbonate into a salt of neutral reaction, such 
as the sulphate; most readily accomplished by the agency of 
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calcic sulphate. The puddling effect of dilute carbonate solu- 
tions is so striking, so easily brought about, and so permanent 
when once accomplished, that it should command serious atten- 
tion as a means for the consolidation of earth dams and fortifi- 
cations, whose tough resistance to the penetration, whether of 
water or missiles, would render them effective under conditions 
under which they would otherwise be altogether insecure. If 
we imagine the amphoteric solution as imbuing a loose clay 
deposit, which is then subjected to pressure such as constantly 
occurs in the formation of geologic strata, the quick consolida- 
tion resulting from the destruction of the flocculent structure, 
and then the collapse by compression; and the subsequent 
deposition of calcic carbonate, dissolved silica or both, we can 
easily conceive of the formation of a very substantial rock 
within (geologically speaking) a very short period of time. 

It thus appears that whether viewed from the chemical or 
physical standpoint, the ready formation of super-acid alkali 
carbonate solutions by the mutual reaction of neutral alkali 
salts, calcic, magnesic or generally earthy and metallic carbon- 
ates, and free carbonic acid, is likely to throw light upon many 
intricate problems in chemical geology; so that the further 
study of this reaction in its complex bearings upon other salts 
and metallic compounds than those heretofore investigated by 
us, offer a most promising field for farther research. 


Am. Jour. So1.—Fovurts Series, Vou. Il, No. 8 —Avavust, 1896. 
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Art. XIV.—An Apparatus for the Rapid Determimation 
of the Surface Tensions of Liquids; by C. E. LInesar- 
GER. 

I. Inrropuctory. 


THE essential difference between the gaseous state on the 
one hand and the liquid and solid states on the other hand is 
that in liquids there exists a pressure directed towards their 
interior, while in gases such a pressure seems to be wanting, 
particularly when the gases are far removed from their point 
of condensation. This internal pressure is attributed to the 
mutual attractions of the molecules of bodies, its amount being 
in inverse proportion to the mean molecular distance. Thus, 
if the molecules of a portion of matter be comparatively far 
apart, their reciprocal influences are negligibly small, but, as 
they come closer and closer together, their attractions become 
appreciable in the variations shown by gases under certain con- 
ditions to the Laws of Boyle and Charles, and eventually, the 
attractions become so great that the gas condenses into a liquid 
with its horizontal surface, slight compressibility, ete. 

In liquids, the internal pressure is undoubtedly exerted 
equally in all directions; in crystalline solids, however, its 
amount may vary with the direction, unless they be isotropic; 
in colloids, finally, which may be regarded as exceedingly vis- 
cous liquids, the internal pressure is the same in all directions. 

Although the internal pressure has long been recognized to 
be of prime importance in the investigation of the nature of 
liquids, but little that is more than approximately quantitative 
is known concerning its amount. This is due to the cireum- 
stance that as yet no experimental methods have been devised 
which can give direct determinations of it, since it has been 
found impossible to connect the interior of a liquid with a 
manometer without the intervention of its surface. Our quan- 
titative knowledge of the internal pressure is obtained indi- 
rectly by assuming theoretical relationships between its amount 
and some of the properties of liquids (latent heat of vaporiza- 
tion, volume, changes, etc.,) or solutions, which are susceptible 
of direct measurement. All of these indirect methods agree 
in assigning to the internal pressure an enormous value, 
hundreds of atmospheres, at least, under ordinary conditions. 

The phenomena displayed in the surface of liquids, the so- 
called capillary phenomena, are, perhaps, more intimately 
related to the internal pressure than any other property of 
liquids. The importance of these capillary phenomena in 
Nature’s happenings does not seem to have always been fully 
realized. Nearly all interactions of bodies that can be thought 
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of are surface actions, at least, in part. For example, the solu- 
tion of a solid in a liquid may be regarded as occurring in two 
phases: (1) the action of the liquid : and solid on each other at 
the surface resulting in the passing of particles of the solid 
through the separating surface over into the liquid, and (2) the 
action between the dissolved particles and the liquid, the effect 
of which is to bring about their equal distribution throughout 
all parts of the liquid system ; many other examples ‘easily 
present themselves. 

The surface tensions and energies of liquids and solids being 
of such importance in the elucidation of the nature of liquids 
and solids in general, it is self-evident that the determination 
of the values of these constants for as many liquids and solids 
as possible is very desirable. No experimental methods have 
yet been devised for the measurement of the surface tensions 
of solids, and those employed in the investigation of the capil- 
lary constants of liquids are generally not “capable of giving 
very accurate results; their degree of accuracy rarely exceeds 
one part in ten thousand. Furthermore, the apparatus necessary 
to attain this accuracy requires very careful manipulation in 
every detail, and a not inconsiderable period of time is needed 
for each determination. These circumstances stand in the way 
of the multiplication of data, a study of which may lead to 
important and far-reaching theoretic results. There is accord- 
ingly a demand for a rapid and at the same time accurate 
method of determining the capillary constants of liquids. 

Among the various methods employed in the determination 
of the surface tension of liquids there is one that undoubtedly 
meets the requirement of rapidity of execution. Simon,* the 
inventor of the method, measured the pressure needed to force 
bubbles of air out of a capillary tube plunged in a liquid. 
This pressure he assumed to be equal to the sum of (1) the 
hydrostatic pressure which the liquid exerts at the mouth of 
the tube, and (2) to the pressure corresponding to the height 
to which the liquid would rise in the tube because of its sur- 
face tension. his latter assumption is strictly true, however, 
only in case the form of the issuing bubble of air is identical 
with that of the meniscus within the tube, and in this cireum- 
stance lies the objection to the method, otherwise so simple 
and rapid. 

G. Jager + modified this method by employing two capillary 
tubes of different bores and measuring the difference of the 
depths to which they were plunged in a liquid when air forced 
out of them was at the same pressure. An examination of the 
apparatus showed that it met the condition of rapidity admira- 


* Ann. de Chim. et de Phys., III, xxxii, p. 1. 
+ Wien. Ak. Ber. c, p. 245, 1891. 
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bly and seemed to be capable of a considerable degree of aceu- 
racy. The apparatus described below is a modification of the 
one employed by Jiiger. 


II. oF APPARATUS. 


The apparatus 
(fig. 1) consists of 
the following pieces : 
—a column of brass 
tubing AA with 
iron tripod base; a 
short horizontal arm 
B, to which is at- 
tached a brass gibbed 
plate SS supporting 
the capillary tubes 
by means of the 
clamps CC and DD, 
and also the microm- 
eter screw EF; a re- 
tort ring AH bear- 
ing the beaker II; 
a compression de- 
vice consisting of a 
screw L pressing into 
a rubber ball K, 
which is connected 
by means of rubber 
tubing and aglass Y- 
tube N to the upper 
extremities of the 
capillary tubes; a 
vertical rod MM 
passing through the 
arm B (to which it 
may be clamped by 
a thumb-screw not 
shown in the figure) 
and provided with 
rings to support the 
rubber tubes  con- 
nected with the cap- 
illary tubes, the lat- 
ter being thus relieved of the weight of the former; a test- 
tube O, into which the capillary tubes pass, supported by the 
cover of the beaker II; two thermometers, one to take the 
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temperature of the bath-liquid contained in the beaker, the 
other that of the liqrid undergoing investigation in the test 
tube O. 

Some of these pieces require a more detailed description. 

The immovable part of the gibbed plate has a scale fastened 
along its side divided into fortieths of an inch, while its mova- 
ble part hasa pointer playing over this scale. Back of the 
gibbed plate is fixed the bearing P in which the screw EF 
turns; the clamps CC are attached to the fixed portion of the 
gibbed plate, also another pointer for the milled head of the 
screw. 

The micrometer screw demands a specially detailed descrip- 
tion, inasmuch as the accuracy of the results obtainable by the 
apparatus depend mainly upon the accuracy of its construc- 
tion. The one I use has forty threads to the inch, is about 
four inches long, and of good diameter, so as to give absolute 
motion, the adjustable split-bearing P taking up all lost motion. 
Great pains were taken in turning it, and I have been unable 
to detect any irregularities in its construction, indeed, the 
screw furnished by the makers is even more accurate than is 
really necessary. The milled head E (about 35™" in diameter) 
is divided into 100 parts, thus giving a direct reading of 
atsx Of an inch, and even less than that, since it is easy to 
estimate fractions of a division. 


Three capillary tubes were employed in working with the 
apparatus : 


A with a bore of about 1°5™™, 
B “ “ “ “ 0°5 
C “ “ “ 0°1 


From the nature of the method it is not at all necessary to 
know the exact dimensions of the tubes; all that is required is 
that the bore be approximately circular and the edges sharp. 
To prepare the capillary tubes, a stock of tubing is examined 
and tubes of the desired dimensions selected. Pieces are 
broken off from these tubes until it is fonnd that the ends pre- 
sent plane surfaces perpendicular to the axis of the tube. If 
the A sem happen to be too large for the tubes, a filling of 
sheet lead may be employed. 

The liquid serving as bath, and contained in the beaker, may 
be water or glycerine; it is heated by means of a Bunsen 
burner and kept in motion by means of a stirrer (not shown, 
however, in the figure). Besides this kind of a bath, much 
use was made of a vapor jacket, for keeping the temperature 
uniform during a determination. The test-tube O was fitted 
into a considerably larger tube by means of a cork through a 
second perforation of which passed a long glass tube, acting as 
a condenser. On boiling liquids or mixtures of liquids in the 
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larger tube, these vapors rise and heat the inner tube with its 
contents to a desired constant temperature for any length of 
time. 


MetHop or MAKING A DETERMINATION. 


The first thing to do in using the apparatus is to get the 
lower extremities of the two capillary tubes at the same level. 
This may be accomplished in the following simple manner. 
A spirit-level is placed upon a piece of plate glass, which in 
turn is set upon the support H at the required height, and 
levelled. The pointers of the side-scale, as well as of that on 
the screw head, are set at zero, the tubes allowed to rest freely 
upon the plate glass, and then clamped in position. While 
this way of fixing the tubes answers well enough for the initial 
adjustment of the apparatus, it is not sufficiently accurate to 
insure their being replaced in the same position, if, from any 
cause, they become displaced. Indeed, it is not at all certain 
that the tubes are at the same level to within 0°1™, when 
adjusted in the above manner; yet this degree of accuracy is 
entirely sufficient for the first adjustment, and by the use of a 
standard liquid it will be shown how they can afterwards be 
gotten into the same position to within 0-01 ™. 

The test-tube has a mark scratched on its side, which indi- 
cates the volume of liquid that is to be taken for a determi- 
nation of its capillary constant, it having been found that 
differences in the distance between the surface of the liquid 
and the orifices of the tubes have some influence upon the 
readings of the instrument.* The volume of the liquid may 
be as small as a couple of cubic centimeters, if a small test- 
tube be used; generally, however, it is advisable to employ 
from five to ten cubic centimeters. The test-tube is filled with 
the liquid under examination to this mark and the tube sus- 
pended in the bath. The beaker is placed upon a piece of 
asbestos board or wire gauze, set upon the retort ring, which is 
raised until the capillary tubes are close to the bottom of the 
test-tube. A thermometer is introduced into the liquid, and 
the bath-liquid stirred, so as to insure uniformity of tempera- 
ture. The mode of procedure is essentially the same when 
a vapor jacket is employed. The rapidity with which the 
liquid undergoing investigation takes on the temperature of 
the bath may be hastened by blowing bubbles up through it 
by compression of the air in the rubber ball K. 

When the temperature of the liquid is the same as that of 


* This influence is, however, but slight. Readings with ether were found to 
differ by only z}5 of an inch, when the differences between the free surface of 
the liquid and the lower extremities of the capillary tubes- differed by more than 
four inches. 
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the bath, the movable tube, preferably the one with the 
smaller bore, is raised by turning the screw. This may be 
done rapidly while bubbles are being forced out of the larger 
tube every second or so. At a certain point, bubbles may 
cease to issue from the larger tube and commence to come 
from the smaller one, an indication that the correct adjustment 
has been passed. The screw is now turned very cautiously in 
the opposite direction until bubbles issue at about the same 
time from both tubes. The final adjustment is generally best 
made as follows: 

The air is compressed very slowly until it has arrived just at 
the orifices of both tubes. The pressure is then not increased 
further, and, as a rule, it will be observed that, if the adjust- 
ment is perfect, bubbles will issue of their own accord from 
both the tubes in asecond or so; sometimes one of the bubbles 
lies a little behind the other. The success of the operation 
depends upon the steady and gradual compression of the air; 
if this be subjected to abrupt or irregular changes of pressure, 
not inconsiderable errors may be committed. It is advisable 
to make at least two readings, one when the narrower tube is 
being lowered, the other when it is being raised ; indeed, the 
readings can be made so rapidly that it is a good plan to take 
a half dozen or so, the tube being moved alternately up and 
down. 


IV. Discussion or Sources OF ERROR IN APPARATUS. 


In the determination of the capillary constants by means of 
the apparatus described in the preceding sections, measure- 
ments of three kinds have to be made, viz., measurements of 
specific gravity, of temperature, and of the distance between 
the lower extremities of the capillary tubes. We pass to the 
discussion of the errors inherent in each. 

I. The determination of the surface tension by any of the 
direct methods such as measuring the height to which liquids 
rise in capillary tubes, etc., cannot be said on an average to be 
accurate to more than one part in two thousand and only in 
exceptional cases to one part in ten thousand. On the other 
hand, the accuracy of a specific gravity determination can 
easily attain one part in ten thousand and in many cases to 
even one part in a hundred thousand. In the formula to be 
communicated in the following section, it will be seen that the 
influence of the specific gravity upon the value of the capil- 
lary constant is not very great, so that a determination of the 
specific gravity to one part in two thousand is perhaps suffi- 
ciently accurate for our purposes, although it is of course 
better to be sure of the fourth decimal place. We may con- 


| 
| 
{ 
q 
{ 
{ 


114 C. E. Linebarger—Apparatus for the Rapid 


clude, then, that the accuracy of a determination of the specific 
gravity of a liquid, whose surface tension is to be ascertained, 
may be counted perfect, if it be made to within one part in 
two thousand. 

II. For temperatures between 0° and 50°, it is an easy 
matter to keep the temperature of even such a simple bath as 
the one given in figure I constant to within 0°-05 long enough 
to adjust the apparatus and make several readings. By the 
use of larger baths, or better still, of vapor jackets, the tem- 
perature can be kept sufficiently uniform for the investigation 
at different temperatures of most liquids. As a variation of 
temperature amounting to 0°-1 changes but little the readings 
of the apparatus, it may be allowed that the temperature is, 
for the purposes of this investigation, negligible. 

III. The possible error that may be committed in the read 
ings of the apparatus can best be judged by considering the 
readings themselves. A number of series of readings for dif- 
ferent liquids at various temperatures are accordingly given 
just as they were taken directly from the apparatus. Phese 
readings are not to be taken as material for the calculation of 
the surface tensions of the liquids, as in some cases they do 
not represent the true distances between the lower extremities 
of the capillary tubes, the position of these having been 


altered purposely several times. The unit of a reading is a 
fortieth of an inch. 


Nitroethane at 16°°95 Nitroethane at 46°°6 
Tubes A and B, Tubes A and B. 
23°27 21°23 
23°26 21°26 
23°28 21°21 


Nitromethane at 24°5 Nitromethane at 41°°5 
Tubes A and B, Tubes A and B. 
24°28 22°86 
24°26 22°87 
24°23 22°80 
24°25 22°81 
24°29 22°85 
24°26 
24°26 


Benzene at 20°°0 Benzene at 20°5 
Tubes A and B Tubes A and B. 
22°86 30°55 
22°88 30°54 
22°85 30°49 
22°86 30°56 
22°87 30°55 
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Toluene at 25°°0 

Tubes A and B. 
24°42 
24°44 
24°41 
24°40 
24°43 


Another series made 
ten days later. 
24°43 
24°45 
24°42 
24°43 
24°45 
Methyl Nitrate at 
Tubes A and B. 
18°29 
18°28 
18°25 
18°26 
18°28 
Ethyl Ether at 
Tubes A and B. 
17°90 
17°92 
17°92 
17°95 
17°93 


Toluene at 78°*4 
Tubes B and C. 
24°73 
24°77 
24°75 
24°71 
24°74 
Ethyl Iodide at 25°-0 
Tubes A and B. 
8°89 
8°87 
8°88 
8°88 
8°87 
Another series made 
twenty days, later. 
8°87 
8°86 
8°88 


Toluene at 46°°6 

Tubes A and B. 
22°65 
22°63 
22°62 
22°63 
22°64 
22°64 
22°66 
22°64 


Carbon Bisulphide at 19°°5 
Tubes A and B, 
19°35 
19°32 
19°30 
19°33 
19°34 
Ethyl] Uther at 25°°0 
Tubes A and B. 
13°55 
13°53 
13°52 
13°54 


Another series made 
over a month later. 
13°54 
13°55 
13°53 
Monochlorbenzene at 77°°8 
Tubes B and C. 
23°34 
23°38 
23°32 
23°35 
23°34 
Ethyl Alcohol at 51°°0 
‘Tubes A and B, 
18°65 
18°62 
18°64 
18°61 
18°63 
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Water at 40°°0 Water at 20°°0 

Tubes A and B. Tubes A and B. 

77°10 76°09 
77°13 76°13 
77°14 76°10 
77°09 76°16 
76°23 
77°16 76°14 
77°18 76°16 
76°18 
76°15 

Another series made 

a fortnight later. 
76°12 
76°18 
76°21 
76°13 
76°19 
76°14 
76°18 


These series of numbers have been taken from my note- 
books almost at random, and are but a small fraction of the 
number of readings I have made. They show that for most 
liquids differences in the readings amounting to more than 
sty Of an inch seldom occur, and when a series of readings 
are made and their average taken, the error almost vanishes. 
Only in the case of water were greater differences of readings 
observed ; yet, since water has such a large capillary constant, 
the error committed is very slight. It was observed that the 
nearer the extremities of the capillary tubes were, and, conse- 
quently, the smaller the numerical value of the reading, the 
more concordant were the readings. 

While the three sources of error just discussed seem to be 
almost negligible, there is another inherent, not in the appa- 
ratus, but in the method, which stands seriously in the way of 
obtaining reliable absolute determinations of the surface ten- 
sions of liquids. This source of error lies in the determina- 
tion of the “apparatus constant,” which may vary from one 
liquid to another. A more detailed discussion of it will be 
given in the next section, after the way in which the “appa- 
ratus constant ”’ is determined is described (p. 122). 


V. CALCULATION OF RESULTS. 


Having now shown the degree of accuracy attainable in the 
readings of the apparatus under discussion, I will pass to the 
consideration of the manner in which the results obtained by 
this indirect method may be converted into those arrived at by 
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direct methods. As stated above, two things besides the tem- 
perature are measured in this method: (1) the specific gravity 
of the liquid taken, and (2) the vertical distance between the 
lower ends of the two capillary tubes when air under the same 
pressure issues in synchronous bubbles from their orifices. It 
is not difficult to determine the specific gravity to within 
although an accuracy of is quite sufficient. 

he distance between the ends of the two tubes can be 
measured to about a hundredth of a millimeter, except in 
the case of water where the degree of accuracy of measure- 
ment is only within a tenth of the same unit of length. It is 
now our task to pass from the data obtained from measure- 
ments of these quantities to the capillary constants measured 
in degrees per centimeter. 

Inasmuch as our knowledge of the form of the bubbles just 
on the point of issuing from the orifices of the capillary tubes is 
not at all precise, there appears to be no immediate way of find- 
ing a relation on theoretical grounds between the data fur- 
nished by this indirect method and those given by direct 
methods. Jiger (loc. cit.) obtained the relationship employed 
by him in the following manner: “ Wie sich unsere 
Annahme fiir die Formulirung des Einflusses, welchen die 
Rohrenweite auf den bewussten capillaren Druck hat, als 
richtig erwies, so zeigt sich, wie wir spiiter sehen werden, dass 
es volistiindig geniigt, wenn wir 

aF(s) = a(1+8s)* 
setzen, wohin # eine Constante bedeutet, die sich ebenfalls 
leicht ermitteln lisst, wenn zwei Fliissigkeiten, deren a und s . 
bekannt sind, zu Gebot stehen. Verwenden wir nimlich zu 
unseren Messungen stets dieselben beiden Capillarrohren, so 
wird fiir die eine Flissigkeit die Gleichung (1) 


a (1+ 8s) $(7.7’) = hs, 
fiir die zweite 


a(1+ Bs’)  (r.7’)=h's' 
a(l+fs) 


a'(1+ Bs’) h's' 
Aus dieser Gleichung kann der Werth von f ermittelt werden, 
da alle iibrigen in ihr vorkommenden Gréssen bekannt sind.” 
In order to obtain the value of 8, he made use of Brauner’s + 
and Wolf’st directly determined data for water and ethyl 
ether. By transforming the equation immediately preceding 
into 


somit 


* a = Capillary constant; s = Specific gravity. 
¢ Pogg. Ann, 70, p 515. ¢ Pogg. Ann. 70, p. 575. 
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__ ahs(1 + 
“= his'(1 + Bs) 
he obtained therefrom on putting 
_ 
_— 
1+ 8s ° 
and substituting for specific gravity =s, the specific volume 


a 


wou , he finally obtained 


h 

v+B’ 
an equation used throughout his work in transforming his 
results. 


a= 


It is hardly necessary to mention that the degree of accuracy 
which can be attributed to an indirect method of measuring a 
physical constant of Nature depends upon the aecuracy of the 
results obtained by direct methods ; hence, the importance of 
choosing the most exact directly determined data for the cali- 
bration of an indirect method. Ramsay and Shields * have 
elaborated the method of measuring the heights to which 
liquids rise in capillary tubes, and have carried out series of 
determinations of the capillary constants of various liquids in 
contact only with their own vapor and glass, which are justly 
regarded as of the greatest trustworthiness, and may be confi- 
dently taken as standards. 


If Jiiger’s equation, 

a(1+ 8s) hs 

a(1+ fs’) h’s'’ 
be correct, it ought to be possible to obtain the same value of 
8, when the data for a and a’, s and s’, and / and A’ are taken 
for any pairof liquids. On carrying out the calculations, how- 
ever, I found that the values of 8 varied considerably for 
different pairs of liquids, when the data given by Ramsay and 
Shields (loc. cit.) were taken for the specific gravities and 
capillary contents, and the readings of my apparatus for the 
differences of level between the extremities of the two capil- 
lary tubes. Furthermore, it was found that, if 8 and c¢ be 
calculated for any two liquids, and then from the equation 
hs 
+ Bs 


* Zeitschr. f. phys. Chem., xii, p. 433, 1893. 


a 
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the value of a be deduced for a third liquid, differences 
between the values thus obtained and those communicated by 
Ramsay and Shields (loc. cit.), amounting to as much as ten 
per cent., were obtained in some cases, although once in a 
while a pretty good correspondence was observed. Jiiger’s 
equation appears to be merely approximate and does not stand 
a severe scrutiny. Jiiger himself seems to find the justifica- 
tion of his formula in its yielding results corroborative of 
certain theoretical views he advances, and in the agreement 
between his observed values and those caleulated for the same 
temperatures by means of temperature-coefticients ; but as the 
temperature-coefficients were derived from his own data, which 
rarely differ by more than five per cent. from those given by 
Ramsay and Shields (loc. cit.), and as he does not attaina much 
closer correspondence than that between his observed and eal- 
culated values, the correctness of the formula does not seem 
to be any the better established. 

It accordingly became peremptory to devise another for- 
mula, which should be in better agreement with Ramsay and 
Shields’ measurements. But here a difficulty arose. Ramsay 
and Shields determined the capillary constants of liquids when 
freed from air; the liquids were in contact only with their own 
vapor and glass. There is no doubt but that the surface ten- 
sions of liquids can be accurately measured only when no air 
is present, if the method consisting in the measurement of 
the rise in capillary tubes be employed. R. Schiff* liad 
already made this observation before Ramsay and Shields. 
Just what influence the presence of air has upon the capillar- 
ity of liquids we do not know; the greater or less volatility of 
a liquid makes the degree of dilution of the air in contact 
with its surface correspondingly greater or less. In the appa- 
ratus described in this paper, the liquid under examination is 
saturated with air, and the pressure of the air varies with the 
density of the liquid. The difficulty at issue lies in the ques- 
tion as to whether the indirect determinations made with 
liquids in contact with air are comparable to more than a gross 
approximation with those obtained by the direct method as 
employed by Ramsay and Shields (loc. cit.). This difficulty 
seemed at first insurmountable, but, finally, a simple relation 
was discovered, which shows in excellent correspondence 
between Ramsay and Shields’ data and mine. 

The relation in question is 


(A) y=chs+s", 


where y represents the capillary constant in dynes per centi- 
meter, ¢c, the “ apparatus constant,” A, the distance between the 


* Lieb. Ann. cexxxiii, p. 47. 
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ends of the tubes, and s, the specific gravity. The value of 
the constant was obtained in the following way. The data for 
y and s were taken from Ramsay and Shields (loc. cit.} and 
Ramsay and Aston’s papers, and those for 4 from my own 
measurements. These were set in equation (A) and the value 
of c calculated therefrom. The greatest pains were taken in 
the purification of the liquids examined, so that they very 
probably had the same properties as those used by the inves- 
tigators just named. The data and results of the calculations 
are givenin Table I for the tubes A and B, and in Table II for 
the tubes B and C. 


TABLE I. 


Values of “ Apparatus Constant” for Tubes A and B. 
Names of Liquids. T 8 y h 
20°°0 0°9984 70°72 55°60 
30°°0 0°9958 69°10 54°85 
40°°0 0°9923 67°50 53°90 
Methyl Alcohol.... 20°°0 0°7905 23°03 23°16 
Ethyl 0°7900 22°03 21°97 
Acetone es 0°7798 23°35 22°95 
0°7656 19°68 20°00 
Ethyl Ether 0°8143 16°49 17°91 
0°7000 15°27 16°87 
Ethy! Iodide 30°00 10°88 
Carbon Bisulphide- . 1°2773 32°73 19°90 
Benzene ; 0°8871 29°21 25°86 
0°8500 24°71 22°75 
171182 33°71 23°46 
1:0795 29°30 21°25 
Toluene 0°8682 28°18 25°21 
0°8380 24°60 22°65 
Average 


2) 


— 


TABLE II. 


Values of ‘‘ Apparatus Constant” for Tubes B and C. 

Names of Liquids, T 8 Y h c 
0°7998 23°35 27°72 §=1°023 
Chlorbenzene . 1°0795 29°30 25°71 1°014 
1°0444 24°65 23°38 1°011 
Ethyl Ether. 0°7143 16°49 22°08 1°036 
Benzene 0°8871 29°21 81°44 
0°8500 24°71 27°86 1°013 
Toluene 0°8682 28°18 30°60 2 
0°8380 24°60 27°75 
0°8080 20°93 24°75 1°014 
Average = 1°022 


1°241 
1°238 
1°227 
1°253 
1°259 
== 1°243 
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A glance at the tables shows that the “constants” are 


indeed quite constant. In Table I, the average of the num- 
bers in the last column is 1°243; the greatest variation on one 
side is 0°019 for carbon bi-sulphide at 9°-7, and on the other 
side, 0°016 for tolnene at 46°°6. Generally, the differences 
from one liquid to another are not larger than they are for the 
same liquid from one temperature to another. Likewise, in 
Table iL the average value of the constant is 1:022, with dif- 
ferences of 0-014 for ether at 20°-0 on the one hand, and 0-011 
for chlorbenzene on the other. 

Introducing c=1°243 from Table 1 and c=1°022 from 
Table II into equation (A), and treating y as the unknowa 
quantity, I calculated the capillary constants to be those given 
in Tables III and IV, respectively, beside which are placed 
the corresponding data by Rauny and Shields (loc. cit.) and 
Ramsay and Aston (loc. cit.) 


TABLE II. 
Comparison of Capillary Constants for Tubes A and B. c=1°243 


Names of Liquids. Ramsay Shields, y—y’ 
68°82 69°10 —0°28 
67°42 67°50 —0°08 

Methyl Alcohol - - - - 23°39 23°03 +0°36 
Ethyl 22°17 22°03 + 0°14 
Acetone ° 23°34 23°35 —0°01 
_ 19°59 19°68 —0°09 
Ethyl Ether....... 20° 16°42 16°49 —0°07 
15°18 15°27 —0°09 
Ethyl Iodide . 29°90 80°00 —0°10 
Carbon Bisulphide- ; 33°22 32°73 —0°49 
Benzene . 29°31 29°21 +0°10 
24°75 24°71 + 0°04 
33°86 33°71 +0°15 

és 29°68 29°30 + 0°38 
Toluene 27°96 28°18 —0°22 
24°25 24°60 —0°35 


TABLE IV. 
Comparison of Capillary Constants for Tubes B and C. c=1°022. 


Names of Liquids, 7= tie s? Ramsay and Shields. 
Acetone 23°32 23°35 

29°56 29°30 

26°01 25°66 
Ethyl Ether . 16°42 16°49 
Benzene 29°28 29°21 
24°88 24°71 
Toluene ° 27°93 28°18 
24°46 24°60 

21°09 20°93 


—0°03 

— 0°04 
+ 0°26 
+0°35 
—0°07 
+0°07 
+0°11 
—0°25 
—0°14 
+0°16 
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It is at once apparent that only in several instances the differ- 
ences between Ramsay and Shields’ results and mine amount 
to more than a few tenths of a per cent., and in some cases the 
agreement is as good as perfect. Moreover, the differences 
that are found are very nearly the same when either pair of 
tubes is employed ; this indicates that the differences are due 
to the possible differing degrees of purity in the liquids 
employed by each of us rather than to a fault in the apparatus 
itself. However that may be, the data show that it is possible 
to obtain with the apparatus results which, by means of the 
formula (A), are comparable with those obtained by Ramsay 
and Shields (loc. cit). One cannot withstand the temptation 
to quote Jiiger’s words (loc. cit.) “. . . . unsere Methode ist 
vollstiindig geeignet, richtige Resultate zu ergeben. Fasst 
man noch die leichte, sichere und wenig Zeit beanspruchende 
Handhabung, welche unser Apparat erfordert, ins Auge, so 
wird man wohl leicht zur Uberzengung gelangen, dass unter 
den gegenwiirtigen Methoden fiir den praktischen Gebrauch 
kaum eine bessere zu finden sein dirfte.” As to what pertains 
to the experimental handling of the apparatus, my experience 
with it permits me to subscribe to the above. But a restric- 
tion has to be made in regard to the conversion of the indirect 
results furnished by it into direct ones. Jiger’s formula has 
been shown above to be only approximately correct, and the 
one which [ propose has but an empirical basis. Although it 
has been found to stand the test of comparison with ten 
liquids of different properties, when two sets of tubes were 
employed, it is not allowable to claim that it will furnish 
accurate results for any liquid whatsoever. In other words, 
the instrument cannot be depended upon to give absolute data, 
as the “ apparatus constant” may differ from liquid to liquid. 
Still its usefulness is but slightly impaired by that cireum- 
stance. There is a vast amount of work to be done in the field 
of solutions, in which the method can yield excellent results. 
Here the measurements can be considered to be more correct, 
since in work with solutions the “apparatus constant” can be 
determined specially for the solvent. Among some of the 
problems that may be investigated by means of the method, 
mention may be made of the following: the superficial ten- 
sions of saturated solutions in contact with the solid substance 
can be very well determined even when the solutions are quite 
concentrated, and it is likely that a knowledge of this property 
of solutions will enable us to get at the molecular masses of 
solids: also, the molecular masses of liquids can be determined 
very rapidly by the method. 

The apparatus described above was made by Walmsey, Ful- 
ler and Co, of Chicago, and has proven satisfactory in every 
particular ; the makers inform me that they can now furnish 
the apparatus provided with a micrometer screw divided 
according to the metric as well as English system. 
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ArT. XV.—On WNorthupite; Pirssonite, a new mineral ; 
Gaylussite and Hanksite from Borax Lake, San Bernar- 
dino County, California; by J. H. Pratt. 


INTRODUCTION. 


THE minerals to be described in this paper are from the 
remarkable locality of Borax Lake, San Bernardino County, 
California. They were brought to the author’s notice, in the 
fall of 1895, by Mr. Warren M. Foote of Philadelphia, who sent 
one of them, the northupite, together with some of the associ- 
ated minerals, to the mineralogical laboratory of the Sheffield 
Scientific School, for chemical investigation. About the same 
time Mr. C. H. Northup of San José, Cal., sent some minerals 
from the same region to Prof. S. L. Penfield. Among them, 
gaylussite, hanksite and a third mineral, which has proved to 
be a new species, were identified. These same minerals were 
also observed among the specimens sent by Mr. Foote. Mr. 
Northup, in his letter of transmittal, stated that he had care- 
fully saved all of the crystals of the new mineral, having 
observed that they were different from gaylussite in habit, and 
that he believed they would prove to be a new and interesting 
species. 

Both Mr. Northup and Mr. Foote have thus most gener- 
ously furnished material for this investigation, and the former 
has also supplied valuable information concerning the locality 
and mode of occurrence of the minerals. The author, there- 
fore, takes great pleasure in expressing his thanks to both of 
these gentlemen for the services they have rendered. 

In addition to the investigation of northupite and the new 
mineral, some interesting data concerning hanksite and gay- 
lussite have also been obtained. 

Occurrence._-The Borax Lake region has already been 
described by De Groot* and Hankst and therefore only a 
brief description is necessary in this article. 

This alkali lake, or better alkali marsh, is situated in the 
northwestern corner of San Bernardino County near the Inyo 
County line and is 72 miles from Mojave, the shipping point 
for that district. Borax Lake proper is a small basin about 
one mile and a half in length by half a mile wide, separated by 
a narrow ridge from a larger basin, which is about ten miles 
long and five miles wide, known as “Dry Lake,” “ Alkali 
Flat,” “Salt Bed” and “ Borax Marsh.” The appropriateness 
of these names is very apparent, for the marsh is really a dry 

* Report State Min. of Cal. 1890, p. 534, 
+ This Journal, xxxvii, p. 63, 1889. 
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lake, partly filled up with salt, borax, alkali, mud and volcanic 
sand. During the wet seasons a little water accumulates, but 
it remains only a short time and is never over a foot or two 
deep, while in most places it is not more than two or three 
inches. In the smaller basin, however, the water stands con- 
siderably longer. The larger basin is somewhat lower than 
the other, the narrow ridge referred to above preventing the 
waters of the smaller basin from flowing into it. 

At the present time, borax is the only product manufactured 
from the minerals of the locality, and it is from the smaller 
basin and the narrow ridge that most of it is obtained. Tin- 
eal, or native borax, has been found in crystals to a depth of 450 
feet, which is as deep as explorations with drills have penetrated. 
“ Crude borax” is described by Mr. Northup as found on the 
surface of the higher parts of the lake, in a condition resem- 
bling burnt bone. Underlying this is a very hard, uneven 
deposit of different salts, which is generally not disturbed. 
The crude borax is collected only to a depth varying from two 
to eight inches, although the original thickness is much greater. 
In about four years, the efflorescence of borax forms again, the 
solution being drawn up by capillary attraction and leaving 
the bone-like deposit on evaporation. Most of the borax is 
obtained from this crude material, although some is obtained 
by the evaporation of the natural solution of borax in the lake 
water. 

The minerals described beyond were found while exploring 
the underlying formations, and were obtained by Mr. Northup 
after carefully working over the tailings or debris from the 
borings. 

The minerals associated with the borax at this region are, 
according to Hanks,* sulphur, gold, cerargyrite, embolite, 
halite, anhydrite, thenardite, celestite, glauberite, gypsum, 
calcite, dolomite, trona, gaylussite, natron, hanksite, colemanite, 
tineal, soda niter and hydrosulphuric acid. To this list sulpho- 
halite, northupite and the new mineral to be described in this 
paper must be added. Of the foregoing, colemanite,+ hank- 
site,t and sulphohalite § were first derived from this locality. 


Northupite. 


A ange description of this mineral has been given by 
Mr. Warren M. Foote.| According to information received 


* This Journal, xxxvii, p. 66, 1889. 

+ Bull. Cal. Acad., No. 2, Jan, 1885, and Zs. Kr. 10, p. 179, 1884. 

¢ This Journal, xxx, pp. 133 and 136, 1885, also xxxvii, p. 63, 1889. 

S$ Ibid., xxxvi, p. 463, 1888. 

|| Proceedings of the Acad, . Nat. Sci. Phil., Sept. 1895, and this Journal, 1, 
p. 480, 1895. . j 
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from Mr. Northup, it has been found in only one boring, 
known as the “New Well,” and was probably formed in a 
stratum of clay, about 450 feet below the surface. With two 
exceptions, northupite has been observed only in detached 
crystals, Mr. Foote having in his possession a single specimen 
showing two octahedrons of northupite attached to a crystal of 
the new mineral, pirssonite, to be described beyond, and a 
similar specimen being in the Brush collection. 

Physical properties.—The crystallization is isometric, the 
octahedron being the only form observed. The erystals vary 
in size from less than a millimeter to rarely a centimeter in 
diameter. There is no apparent cleavage, but the crystals, 
which are extremely brittle, break with a distinct conchoidal 
fracture. The luster on fractured surfaces is decidedly vitre- 
ous. The hardness is between 3-5 and 4. The specific gravity 
was obtained by floating the crystals in methylene iodide 
diluted with methyl iodide and was found to be 2°380. The 
pure material is colorless, but owing to impurities the color of 
the crystals, as stated by Foote, varies from dirty white, pale 
yellow and greenish gray to dark brown. The impurities are 
probably clay or organic matter and Foote has called attention 
to their arrangement in directions parallel to the axial planes 
of the isometric system. No decomposition on exposure to 
the air has been observed. 

Optical propertees.—F ragments of the mineral, when exam- 
ined in polarized light, were found to be isotropic. By means 
of a prism of 79° 35’ the following indices of refraction were 
determined : 

nm, = 1°5117 Li. n, = 15144 Na. Noe = 1°5180 TI, 


Chemical composition.--A qualitative examination showed 
the presence of carbonic acid, chlorine, sodium, magnesium 
and minute traces of sulphuric acid and water. Potassium 
was very carefully tested for, but not even a traee of it could 
be detected. 

The results of the analyses are as follows: 

I, II. Average. Ratio. 
35°21 35°02 35°12 "798 
10 14°10 °397 
“08 “08 
5°96 16°08 "402 
36°99 36°99 597 
“79 040 


72 
22 


103°: 
O eguivalent to Cl, 3°16 


100°15 


Insol. 25 19 | 
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The ratio of the CO,:Cl:MgO:Na,O is almost exactly 
2:1:1:1°5. Two-thirds of the sodium, if taken to form a mole- 
cule of Na,CO,, would leave just enough to form with the 
chlorine a molecule of NaCl. This would then give as the 
formula, MgCO,, Na,CO,, NaCl. 

The percentage composition required by this formula is 
given below, together with the results of the analysis recaleu- 
lated to 100 per cent, after deducting the slight amounts of 
water and insoluble material and converting a sufficient amount 
of the soda into metallic sodium to unite with the chlorine 


and form NaCl. 


Calculated for 


Found. MgCO,. NasCOs . NaCl. 
35°43 35°41 
16°22 16°09 
24°90 24°96 
9°26 

100-00 100°00 


Pyrognostics.—Before the blowpipe, the mineral fuses at 
1, with frothing, due to escaping carbon dioxide, and yields a 
white or grayish white mass, which reacts alkaline with mois- 
ened turmeric paper. The flame is colored intensely yellow. 
In the closed tube, the mineral decrepitates violently, some- 
times giving off a trace of water, derived probably from 
impurities held mechanically in the erystals. The crystals are 
easily soluble in cold dilute hydrochloric and nitric acids with 
effervescence. Cold water acts slowly on the mineral, but hot 
water decomposes it very rapidly with separation of magne- 
sium carbonate. 

Name.—The name, northupite, was given to this mineral by 
Mr. Foote as a compliment to Mr. Northup, whose very care- 
ful search has brought to light a number of interesting min- 


erals from this locality. 


Pirssonite, a New Mineral. 


As stated in the introduction, a new mineral was first 
observed by Mr. Northup among some crystals of gay-lussite, 
which it somewhat resembles. It has been found very spar- 
ingly in only one boring, “ New Well,” which also ps 
the northupite crystals. With the two exceptions mentioned 
under northupite, only detached crystals have been observed, 
and they were probably formed in the same part of the 
deposit which yielded the northupite. Unfortunately, pirsson- 


ite must be classed among the rare minerals; but it is hoped 
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that, as explorations are carried on, it will be found in other 
parts of the deposit. 

Crystalline form.—The mineral crystallizes in the ortho- 
rhombic system and is hemimorphic in its development. The 
hemimorphic axis has been taken as the vertical one, and the 
forms which have been observed are as follows : 

b, 010 p, lll e, 131 
m, 110 p®, 111 x, 311 

The axial ratio, derived from the measurements marked by 

an asterisk in the table beyond, is as follows: 
b:e=°56615 : 1: °3019. 
Although the forms are not numerous the crystals show a 


i. 2. 


NI 


considerable variety in habit. Figs. 1 and 2, drawn with 010 
in front, in order to show the shape better, represent the pre- 
vailing types. The pyramid eis developed at one extremity 
of the vertical axis only, and varies much in size. Often e 
alone terminates the upper end of the crystals, figs. 3 and 6. 
The pinacoid 4 is sometimes wanting as represented by figs. 4 
and 5. The pyramid 2 was observed on only a single frag- 
mentary crystal and is not represented in the figures. The 


4. 5. 6. 


| 


| 


erystals vary much in size; the smaller ones, averaging about 
5™™ in greatest diameter, usually have the habit represented 
by figs. 1 and 2; while the larger ones, sometimes 15™" in 
length, are usually developed like figs. 4 and 5. The larger 


8. 
iin 
Mm) 
\ 
| 
| 
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prismatic crystals are often only well terminated at ‘that end 


where the e¢ faces occur. 

The following table includes a list of the measured and cal- 
culated angles. 

As the reflections were not always very perfect, the 
extremes of two or more independent measurements are given. 
Measured. Mean. Calculated. 

*63° 0’ 
*59° 2! 
75° 1'33” 75° 5° 
58°38'15" 58°30’ 
53°59'36" 54° 6’ 


pap" 
mam” 110 
pab 111A 010 
pam 1114110 
pap 
pap” —29°59': 29°57'30" 29°50’ 
O10A131 & —51°43’ 51°26'50” 51°22’ 
eae” 131A131 76°56" —77°12’ 77° 4 77°16’ 
waz’ 311A311 18°12'48” 18°12'48" 18°10'30” 
ram 311A110 36°44’ — 36°45’ 36°44'30" 36°15'20" 
zam™” 311A110 49°26' —49°23' 49°24'30" 49°24’ 


Physical properties.—The crystals are extremely brittle, 
breaking with a conchoidal fracture, but with no apparent 
cleavage. The luster is vitreous. They vary from colorless to 
white, but are often darkened by impurities. The hardness is 
between 3 and 3°5. The specific gravity, taken by means of 
the heavy solution, was found to be 2°352. 

The crystals exhibit the phenomena of pyroelectricity in a 
marked degree. While cooling, after being gently heated, the 
extremity upon which the acute pyramid e, 131, is developed, 
became negatively electrified. This was shown by dusting 
with a mixture of red oxide of lead and sulphur, as recom- 
mended by Kundt.* 

Optical properties.—The plane of the optic axes is the base, 
and the axis 4 is the acute bisectrix. The optical orientation is 
a=a,b=candc=b. The double refraction is positive and 
strong. The dispersion is slight p < v. 

For the determination of the indices of refraction the 
method of total reflection was employed, making use of a 
erystal upon which a large pinacoid face, b, 010, was developed. 
The plate was measured in a monobromnaphthalene, whose 
index of refraction for yellow, Na, was found to be 1°6588 at 
23°C. The values obtained were: 

For yellow, Na, a= 1'5043 
B = 1°5095 
y = 1°5751 


Or bo Or Or 


By means of the three indices of refraction the value of 
V.y was calculated and found to be 16° 24’. 


* Ann. d, Phys, u. Chem., xx, p. 592, 1883. 
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With a prism of 56° 41’, whose faces were approximately 
parallel to 110 and 110, the values of 8 and y for red, Li; 
yellow, Na; and green, Tl, were also obtained. 


8 
1°5056 
1°5084 


The value of 8 for yellow is probably not as accurate as that 
obtained by means of total reflection. 

The divergence of the optical axes, 2E, was measured on a 
plate parallel to 010. The values that were obtained are as 


follows: 
Yellow, Na. Green, TI. 


2E at 25°C. 5 48°14" 48°22’ 
Hence 2V é 4 31°26’ 31°27 

The value of V,, is 15° 43’ and agrees favorably with the 
value 16° 24’ obtained by calculation from the three indices of 
refraction. 

It was observed that the angle 2 E varied somewhat, and to 
determine to what extent this was dependent upon the tem- 
perature the following measurements were made: 

Temperature 20°C. 30° 40° 50° 60° 70° 90° 

= 48°16’ 48°10’ 48°4' 47°55’ 47°50 47°45 47°38’ 

Chemical composition.—Suitable material for analysis was 
readily obtained and the results are as follows: 

Found. Average. Ratio. 


36°07 
23°38 
25°70 
15 
14°73 
13 


100°45 
The ratio ‘for CO,:CaO:Na,0:H,O is very close to 
2:1:1:2, which gives the formula CaCO,.Na,CO,.2H,O. 
The theoretical composition is given below, together with the 
analysis, after deducting impurities, substituting for K,O its 
equivalent of Na,O and recalculating to 100 per cent. 
Calculated for. 
Found. 
36°08 36°36 
23°39 23°14 
25°80 25°62 
14°88 


100°00 100°00 


_ 1°5710 
1°5747 
PSUS 1°5789 
35°91 "819 = 2°00 
23°48 “417 = 1°02 
Na.O ...... 25°69 25°71 
K.O , ‘17 13 “ai 
14°73 818 = 1200 
Al,O, ete. 13 
"22 
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The chemical composition of this mineral differs from gay- 
lussite, CaCO,.Na,CO,.5H,O, in having only two instead of five 
molecules of water of crystallization. Experiments that were 
made to determine at what temperature the water is driven off 


from the air-dry powder are as follows: 
Loss. 


Six hours at 100° 

Ten hours at 150° 

Three hours at 200° 

Six hours at 250°. ...... 
Below faint redness. 


As practically all of the water is expelled below 150°, it 
must be regarded as water of crystallization. 

In analysis I the water was weighed directly by the method 
described by Penfield,* and in II it was determined by loss 
on gentle ignition. 

Pyrognostics.—The mineral decrepitates, when heated 
before the blowpipe, and fuses about 2—2°5, coloring the 
flame intensely yellow. It reacts alkaline after heating. In 
the closed tube it decrepitates and gives off water at a low 
temperature. It is soluble in cold dilute hydrochloric and 
nitric acids with effervescence. 

Name.—The author takes pleasure in naming this mineral 
pirssonite, in honor of his friend and associate, Prof. L. V. 
Pirsson, of the Sheffield Scientific School. 


Gaylussite. 


The only reference that the author has been able to find to 
gaylussite from this region is in an article by Hanks,+ who 
mentions the mineral as occurring in crystalline masses, but not 
in distinct crystals. There must have been some mistake in 
identification, however, for as pointed out by Pirsson,t the 
reactions which are ascribed to the mineral are impossible ones 
for a compound with the chemical composition of gaylussite. 

According to information received from Mr. Northup, the 
gaylussite occurs abundantly at this locality. It is found in 
many parts of the deposit and at varying depths. All of the 
specimens that have been supplied by Mr. Northup have, 
moreover, been distinct crystals. 

Crystallization.—The forms’ that have been observed are as 
follows: 

b, 010 m, 110 e, 011 


001 8, 101 r, 112 


* This Journal, xlviii, p. 31, 1894. : 
+ Mining and Scientific Press, Mar. 26, 1892 
¢ Zs. Kr., xxiii, p. 504, 1894. 


j 
! 
| 
Nothing 
13°85 
16 
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Three types of crystals have been observed, represented in 
figs. 7, 8 and 9. The largest crystals, sometimes 20™" in 
greatest diameter, are developed like fig. 7, but the faces are 
generally rough. Crystals, with the habit shown in fig. 8, are 
seldom over 10™™ in diameter. Only a few crystals of the 
third type, fig. 9, were observed, and in order to show the 
development of the faces to better advantage, the figure has 
been drawn with the pinacoid, 6 010, in front. It is only on 
erystals of the latter type that the pinacoid 6, which is appar- 
ently an unusual form on gaylussite, is developed. Although 
many of the crystals are colorless and transparent, many are 
cloudy, owing to impurities. 

The forms were identified by the fullowing measurements, 
the calculated angles being derived from the axial ratio estab- 
lished by Phillips : * 

@:b: é= 14897: 1:1°4442; B= 78° 263’ = 001 A 100. 
Measured. Calculated. 
mam” 110A 110 111°8' 111°10' 
Mm AE 110A 011 42°53’ 42°21' 
eae O11 109°344' 109°30' 
ear O11 A112 27°7 27°44’ 
rar 112A112 69°33’ 69°29/ 
rAs 101 39°49" 40°21 


The measurements could not be made very accurately, as the 
small erystals did not give very good reflections of the signal 
on the goniometer, while the larger ones could only be meas- 
ured with the contact goniometer. 

The specific gravity of some of the purest crystals, obtained 
by means of the heavy solution, is 1-992. This is somewhat 
higher than is usually given for this mineral. Phillips,+ how- 
ever, gives practically the same value, 1°990, for a remarkably 
brilliant crystal upon which he made his crystallographic 
determinations. 

Optical properties.—The principal work on the optical prop- 
erties of this mineral is that by Des Cloizeauxt who determined 
the angle of extinction on the pinacoid 6,010, the apparent 


* Philos. Mag. i, p. 263, 1827. + Ibid., p. 265, 1827. 
¢ Ann. d. Mines, V, xiv, p. 400, 1858. 
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axial angle 2 E, and the character of the double refraction and 
dispersion. The exceptional purity of the material at hand 
rendered it possible to make more complete determinations. 
From a plate cut parallel to 010 the extinction ¢ Ac or Bx, 
was measured in yellow light and found to be about 14° 52’ 
from the vertical axis, in the acute angle 8. For red the 
angle was about one degree greater. 

These values cannot be regarded as very exact, as the speci- 
mens, which were best adapted for optical work, did not show 
very perfect crystal outline. They differ, however, only 
slightly from the values given by Des Cloizeaux,* ¢ a c or Bx, 
for red=14° 48’ and for blue =13° 8’. 

The acute bisectrix is normal to 010 and the following 
values of the apparent axial angle were obtained : 


Red, Li. Yellow, Na. Green, TI. 
2E at 26°C=51°26' 52°72’ 52°472' 


These values agree closely with those obtained by Arzruni,t 
which are as follows: 


Red, Li. Yellow, Na. Green, Tl. 
2E=51°25’ 52°19’ 52°58’ 


Des Cloizeaux gives: 2E=51° 38’ for red and 52° 53’ for blue. 

Crossed dispersion could be distinctly observed and the char- 
acter was p<v. The double refraction is negative and strong. 
By means of total reflection the following values of the indices 
of refraction, for yellow light, Na, were obtained. 


a= 1°4435 Na. B= 1°5156 Na. y= 15233 Na. 


From the foregoing values V, was calculated and found to 
be 17° 32’, while 16° 53’ was obtained from the values of 2E, 
and £. 

Des Cloizeaux has shown that the axial angle varies consider- 
ably with the temperature, and a series of experiments has 
been made to illustrate this, the results of which are shown in 
the following table : 


Temperature. Apparent Angle. Temperature, Apparent Angle. 
2 Ky. Na. 2 Ey. Na. 
22°C 52° 6’ 60°C 54° 7’ 
30° 52°32’ 70° 54°43’ 
40° 52°54’ 80° 55°13’ 
50° 53°26’ 90° 55°48’ 


The maximum variation from 22° to 90° C. is therefore 
8° 42’. 
* Ann, d. Mines, V, xiv, p. 400, 1858. + Zs. Kr., vi, p. 24, 1882. 


' 
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For red, Des Cloizeaux measured 51°50’ at 21°5° C. and 
53° 32’ at 71°5°, a variation of 1° 42’. 


Hanksite. 


This mineral was first identified in 1885 by Mr. W. E. Hid- 
den,* who observed some crystals with hexagonal habit marked 
thenardite, in the mineral exhibit from California, at the 
World’s Industrial and Cotton Centennial Exposition, held in 
New Orleans. Upon examination these crystals proved to be 
a new mineral, to which the name, Aanksite, was given in 
honor of Mr. H. G. Hanks, formerly State Mineralogist of 
Calitornia. 

The mineral occurs at Borax Lake in many places. Accord- 
ing to information received from Mr. Northup, short crystals 
with prominent basal planes are found near the surface, either 
attached to the under side of the crust, already referred to on 
page 124 of this article, or in the mud directly beneath this. 
The habit of these crystals is illustrated by figures in the 
articles by Hidden and Hanks.+ Beneath the crust, for a dis- 
tance of about 50 feet, hanksite crystals are rare, but at this 
depth a stratum of mud was encountered, containing a few 
erystals with a habit somewhat resembling quartz, shown in 
fig. 10. The crystals were etched to such an extent that they 
could not be measured with the reflection goniometer, but by 
means of the contact goniometer the forms were identified as 
the prism m, 1010, and the unit pyramid o, 1011. 

Optical properties. —As the indices of refraction of hanksite 
had not been determined, a basal section was prepared from a 
tabular crystal, and by means of total reflection the following 
values were obtained : 


For yellow, Na, w=1°4807. e=1°4614, 


The section showed a normal uniaxial interference figure 
and a strong negative double refraction. 

Chemical composition.—Our knowledge concerning the 
chemical composition of hanksite is confined to two analyses. 
One by Mackintosh, quoted by Hidden,t from which the for- 
mula, 4Na,SO, + Na ,CO, +4 NaCl was derived. Sodium 
chloride, however, was ‘regarded as non-essential and 4Na,SO, + 
Na,CO, was suggested as the probable formula. It should ‘be 
pointed out, however, that a mistake in the calculation of the 
ep was made, for while the ratio of Na ,O0,: Na,CO,: 
NaCl is given as 3°95:1:°46 or 4:1:4, it should have been 


* This Journal, xxx, p. 33, 1885. + Ibid., xxxvii, p. 66, 1889. 
¢ Ibid., xxx, p. 134, 1885. 
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4°6:1:°53. The analysis is also incomplete since the bases are 
calculated wholly as soda. 

An analysis has also been made by Penfield * on material 
from a large crystal presented to the Brush collection by the 
late Prof. J.S. Newberry. It was quite impure, apparently 
owing to included clay, the analysis giving 4°41 per cent. of 
insoluble material and 1°32 percent. loss on ignition. In addi- 
tion to sodium, 2°33 per cent. of potassium was determined, 
which is just sufficient to unite with the 2°13 per cent. of 
chlorine to form potassium chloride. An examination of a 
section of this crystal by Prof. E. S. Dana+ showed numer- 
ous rectangular inclusions, supposed to be either sodium or 
potassium chloride. The material was regarded as too impure 
to warrant the establishment of a complicated formula, and the 
results of the analysis, after deducting the insoluble material, 
loss on ignition and KCl, approximated to the formula 4Na, 
SO, + Na,CO,, suggested by Mackintosh. 

In making the optical examination of the hanksite it was 
observed by the author that although the sections, when exam- 
ined with the microscope, showed trifling impurities, nothing 
of an isometric character could be detected. Moreover, on 
testing numerous crystals for chlorine, it was found to be 
invariably present, and since the results by Penfield and Mack- 
intosh have shown that the mineral contains an amount of 
chlorine corresponding to over 4 per cent. of sodium or potas- 
sium chloride, it is not possible that either of these latter 
compounds could be present to such an extent, as an impurity, 
without being detected with the microscope. It was sug- 
gested, therefore, by Prof. Penfield, that new analyses, made 
on the exceptionally pure material now at hand, might indi- 
cate that chlorine is an essential constituent of the mineral. 

Some flat tabular crystals were, therefore, selected, and in 
order to free them as far as possible from any impurities they 
might contain, they were crushed and sifted to a uniform 
grain and separated by means of methylene iodide. Most of 
the material varied in specific gravity between the narrow lim- 
its 2°567 and 2°553, and this was used for the analysis. 

10. The prismatic crystals, fig. 10, derived from the 

stratum of mud fifty feet below the surface, ap- 

o\ peared even purer than the above, and, fortunately, 

enough of these had been supplied by Mr. Northup 

m|m| foran analysis. The specific gravity was found to 
be 2°545. 

\ The results of the analyses of the two samples 

are as follows: 


* This Journal, xxx, p. 137, 1885. 
¢ Loc. cit. 
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Tabular Crystals. Prismatic Crystals. 
Average Ratio. III. Ratio. 


45°89 45°98 45°78 *572= 9 
5°65 5°63 °128= 2°01 
43°27 43°43 *699=10°95 43°61 °703—-11°07 
Insol 16 12 


The analyses are almost identical, indicating that chlorine 
and potassium are not accidental constituents. The ratios of 
SO,: CO,: Na,O: Cl: K are very close to9:2:11:1 :1 corre- 
sponding to the formula 9 Na,SO, + 2 Na,CO, + KCl. 

Of the ‘previous analyses, that of Mackintosh yields the 
ratio of SO,:CO,:Cl = 9:1°93:1-04, fully supporting the 
above formula, but no further comparison can be made, as the 
bases were calculated wholly as soda. The analysis of Pen- 
field gives the ratio SO,: CO,: Na,O:Cl: K=9 : 2:03 : 10°89: 
‘99 : 99, which is fully in accordance with the above formula. 

Further, in order to show the close agreement between the 
analytical results and the theoretical composition, the ee 
with the exception of that of Mackintosh are given below, 
after deducting impurities and recalculating to 100 per cent. 

Tabular Crystals. Prismatic Crystals. Penfield’s. Theory. 
SO, .... 46°11 45°92 46°21 46°02 
CO, .... 5°66 5°65 5°74 5°62 
Na,O._... 43°53 43°74 43°32 43°59 
Cl soos 2°29 2°26 2°26 
K 2°40 2°47 2°49 


100°00 100°00 100°00 100°00 


With the close agreement of these three complete analyses, 
together with the partial one of Mackintosh, made on entirely 
different samples, on crystals collected at different times and 
from different parts of the deposit, there can be no doubt that 
both potassium and chlorine are essential constituents of the 
compound and the somewhat complicated formula, 9Na,SO,,. 
2Na,CO,. KCl is the correct one. It is scarcely possible that 
potassium and sodium are isomorphous in this mineral, for 
potassium seems always to be present in quantity just sufficient 
to form KCl with the chlorine. The cmeanll furnishes a 
very interesting example of the exceptionally rare occurrence 
of three acid radicals in a mineral. 

In conclusion, the author wishes to express his indebtedness 
to Prof. 8. L. Penfield for his valuable advice and assistance, 
and also for his very kind interest in the work, throughout the 
entire investigation. 


Mineralogical Petrographical Laboratory, 
Sheffield Scientific School, May, 1896. 
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Art. XVI.-—-The Bearpaw Mountains of Montana. Second 
Paper ;* by WALTER HARVEY WEED and Louis V. Pirsson. 


[Continued from page 362 of vol. i.] 


IN our first paper on this interesting mountain group in the 
April and May numbers of the preceding volume of this 
journal, we described the extrusive igneous rocks and those 
forming the stock at the head of Beaver Creek. In the pres- 
ent communication we propose to describe several other 
intrusive masses, a leucite lava from Bearpaw Peak, and finish 
with an account of some of the dikes occurring so abundantly 
throughout the region. 


Augite Syenite of Wind Butte. 

There are several other igneous centers in the Bearpaw 
Mountains besides that of Beaver Creek, for the altered sedi- 
mentary rocks of the contact zones of such intrusive masses 
were noted at several localities, though but one other of these 
stocks was visited. This intrusion occurs at the head of Wind 
Creek, just north of Wind Butte, the highest point of the 
northern part of the mountains. The presence of an igneous 
center in this vicinity is clearly indicated by the large number of 
radial dikes observed cutting the ridges about the intrusive, 
as well as by the indurated and altered character of the sedi- 
mentaries which they cut. The sedimentary beds about this 
core are tilted at considerable angles, flattening in dip as the 
distance from the stock increases, so that the intrusion is seen 
to have tilted the sedimentary strata as at the Beaver Creek 
core. 

In a basin at the extreme head of Wind Creek the massive 
granular rock is seen, forming a talus slope above the springs 
in which the stream heads. The rock is an augite syenite. 
It has a clear gray color, is of rather fine, even grain and 
highly feldspathic ; very little of any dark-colored component 
is visible. With a lens it is seen to be evenly though quite 
sparsely sprinkled with very small black augites. An occa- 
sional cleavage of feldspar appears by reflected light to be 
much larger than the average size of grain, which is about 1™”. 
It resembles the quartz syenite of the Beaver Creek core in 
structure, granularity, and appearance. 

Under the microscope the composition is seen to be very 
simple, wgirite-augite and microperthite being the chief com- 
ponents, with a little accessory tron ore, apatite, biotite, tita- 
nite, hornblende, and sodalite. 


* Published by authority of the Director of the United States Geological Sur- 
vey. Field observations and collections by W. H. W., petrography by L. V. P. 
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The egirite-augite is in stout to slender prisms not of good 
idiomorphic shapes; it is often diopside-like in the center and 
increases'in segirite to the edge; at other times small anhie- 
drons are seen of quite pure zgirite, as shown by the extine- 
tion angle. 

The feldspar has a tendency to a broad lath-shaped form, 
with the interspaces filled by smaller rounded grains of the 
same mineral. It is sometimes single, sometimes twinned 
according to the carlsbad law; more rarely baveno twins are 
seen. Examined with very low powers, it appears nearly 
homogeneous ; with very high powers, it is seen to be a mixture 
of albite and orthoclase in very fine little specks that mottle 
each other and fade away indefinitely, giving the surface a 
flamed, mottled appearance. No albite or pericline twinning 
is seen in it. It is filled with minute microlites of pyroxene. 
It presents the common characters of the soda-orthoclase seen in 
rocks of this class and needs no further mention. 

The sodalite is rather rare and occurs only as minute masses 
filling small angular interspaces. Its presence was proved by 
a chemical test for chlorine. 

The presence of an occasional apatite grain, shred of brown 
pleochroic biotite, and ofa little greenish brown hornblende was 
also noted, as well as small characteristic crystals of titanite 
and, very rarely indeed, a little iron ore. 

The structure is the characteristic one of abyssal rocks, com- 
posed of formless interlocking grains; it is hypidiomorphic. 
The rock contains numerous angular inclusions of basic rock, 
some finer grained than the syenite and others as crystalline. 
They probably represent fragments of a partly consolidated 
basic rock that is one of the products of the differentiation of 
the intrusive mass. 

The presence of this alkali syenite in connection with the 
other types described in the Bearpaw Mountains is very inter- 
esting and indicates that a study of this core or stock may be 
expected to yield very interesting petrologic results. 


Intrusive Trachyte, near Lloyd. 


The postoftice of Lloyd is situated in the northeastern part 
of the Bearpaw Mountains, on the headwaters of Snake Creek. 
The mail route from Chinook passes Bean Butte, an isolated 
hill of basaltie breccias, and crosses a low gap in the rough 
chain of basaltic hills lying between Bean and Snake creeks, 
and through the meadows of a hill-environed basin cut in soft 
Cretaceous shales. A steep hillside immediately east of the 
postoftice is seen to be capped by a massive cliff, whose talus 
slopes extend down to the road. The cliff is formed of a mass 
of igneous rock intruded in tilted argillaceous shales. 
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The rock is a light-colored trachyte carrying included frag- 
ments of minette, the weathered surface being pitted with the 
rusty cavities left by the decomposition and weathering out of 
these micaceous inclusions, giving the rock a porous appear- 
ance. It breaks into rather small debris, the pieces averaging 
5 to 6 inches across. The exposure is but a few hundred 
yards in diameter and the rock is surrounded by a narrow con- 
tact ring of indurated, altered sedimentary rocks. The intru- 
sive mass is covered by these hornstones, the ridge above the 
postoflice showing occasional detached parts of the cover rest- 
ing upon the massive igneous rock. It is evident that the 
intrusive is laccolithic in character, or at least has uplifted and 
tilted the sediments into which it has been intruded. A 
hundred feet up the slope the igneous rock holds included 
fragments of baked shale, much twisted and warped, and the 
porphyry itself shows slickenside surfaces indicating some 
movement after consolidation. 

In the hand specimen the rock has a brownish gray color 
and a rough trachytic feel. It appears plainly holocrystalline 
to the eye, showing a fine granular groundmass that is 
sprinkled with numerous phenocrysts. The fine groundmass 
is seen to be chiefly feldspathic, but it is thickly peppered 
throughout with very small leaves of biotite which grade to 
microscopic dimensions and which give the rock its brownish 
tone. No dark mineral appears as a prominent phenocryst. 
Very thickly scattered through this groundmass are the phen- 
ocrysts of feldspar, which is clear, glassy, and of the sanidine 
habit; it is usually developed columnar on the 4 axis though 
sometimes short, thick tabular parallel to the 4(010) face and 
reaches dimensions oi 1™ in length. It is quite idiomorphic 
and bounded by the m(110), (010), and c(001) faces. 

Besides these phenocrysts the rock is quite thickly dotted 
with inclusions, angular or subangular in shape, of what appear 
to be a basic rock, and also of shale fragments brought up 
from below. They are rather small in size, not often reaching 
1™ in diameter, and they appear to have been subjected to 
intense endogenic metamorphism. Some are dense and black, 
while others are rich in biotite and appear like inclusions of 
minette. Their former nature can only be surmised, as they 
are altered and usually converted into masses of limonite, etc., 
though the containing rock is quite fresh. Some of them 
present sections which recall resorbed olivines or hornblendes. 

In thin section the microscope discloses the presence of the 
following minerals: Apatite, titanite, iron ore, hornblende, 
augite, biotite, alkali feldspar, quartz, and some calcite and 
decomposition products. 

The large feldspar phenocrysts are of orthoclase. This is 
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clearly shown by a section parallel to (010), which shows the 
outline of a(100) and ¢(001). The angle ¢c(001) on a(100) was 
measured as 65°, while Or, ang. 8 = 63° 56’. The section 
shows a positive obtuse bisectrix centered in the field, and the 
extinction is 5° from the trace of the cleavage c(001) in a pos- 
itive sense. Cleavage fragments show that the basal cleavage 
c(001) is much better than that of 2(010); such fragments 
placed on this face have an extinction so nearly as can be told 
exactly parallel to the edge of c(001) on 2(010). These are the 
exact optical characters of orthoclase ; we do not know, how- 
ever, how much of soda in the shape of the albite molecule 
the phenocrysts may contain; toward the periphery they are 
zonally built as best seen in the clinopinacoid section, and as 
this occurs the angle of extinction rises gradually from 5° to 
10° in a positive sense, the latter angle obtaining at the outer 
border, the birefraction rising at the same time. This appears 
to point clearly to an increase in the albite molecule as the 
periphery is reached. In other sections flame-shaped tongues 
and patches of this feldspar substance of higher birefraction 
penetrate and spot the orthoclase. The only twinning observed 
was that according to the carlsbad law, and the phenocrysts 
are often bunched and grown together in groups. 

The feldspar composing the groundmass is in allotriomorphic 
granules, which average 0°25"" in diameter. It appears quite 
similar in character to the large phenocrysts, but is much more 
turbid from kaolinization so that it does not lend itself well to 
optical investigation; it is untwinned and may safely be 
assumed as soda orthoclase or anorthoclase. A few sections 
were observed whick showed in very minute laminz the 
albite twinning ; they were too few and the twinning too fine 
to afford material for investigation. They may be of anortho- 
clase. 

Between the feldspars are occasional minute anhedra of 
quartz, evidently primary and the last product of crystalliza- 
tion. 

Of the dark minerals the hornblende, in small, rare patches, 
is deep green and pleochroic into yellow. It has a small angle 
of extinction and its birefraction is very low ; it appears arf- 
vedsonite-like in its character. It nearly always appears as if 
partly resorbed and is surrounded by borders of a very pale 
reddish-brown variety with a similar orientation, and which is 
more or less fibrous in character. 

The augite is present in idiomorphic prismatic crystals, 
which vary from long slender columns to short thick ones. 
The largest seen are about 1™™ long. The color is quite vari- 
able ; some are almost colorless, while others are a clear light- 
green and faintly pleochroic; the two colors are often found 

Am. Jour. Sc1.—Fourta Series, Vou. Il, No 8.—Aveust, 1896. 
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in the same crystal, the green surrounding a colorless core ; at 
other times: the colors are irregularly mingled. The largest 
crystals of pyroxene appear to be partly resorbed; these are 
rather rare, while a smaller generation is abundant in the 
groundmass. Small prisms of the pyroxene are common inclu- 
sions in the large feldspar phenocrysts. 

The diotite appears also in two generations ; the large crystals 
which attain 1™ in diameter are rare ; they are irregular and 
embayed and appear as if partly resorbed. It is strongly ple- 
ochroic between a deep chocolate-brown and colorless. A 
slight opening of the axial-cross ina very thin basal section 
permits us to determine it as meroxene. In the second gener- 
ation it is freely scattered through the groundmass in small 
shreds and patches. The iron ore, titanite, and apatite which 
occasionally occur offer no peculiarities worthy of notice. 

The structure of the groundmass is allotriomorphic, granu- 
lar, and from what has been said it is clear that the rock 
might be classed as a syenite porphyry which has in the hand 
specimen a trachytic appearance and habit. Since, as has been 
previously mentioned, it is certain that the Bearpaw rocks are 
of Tertiary age, it follows that by those who still recognize 
the age distinction in petrography, it would indeed be classed 
asa trachyte. We have, however, in these papers used the 
terms in a purely structural sense, without reference to age. 


Nephelite Basalt Intrusion, near Lloyd. 


A couple of miles south of Lloyd on the headwaters of 
Snake Creek. a dark-colored rock is exposed by the roadside 
and is seen outcropping on the slopes to the east. The exact 
geological relations were not determined, but it is intrusive in 
slightly tilted, soft Cretaceous shales, which are somewhat 
metamorphosed near the contact. The rock occurs in quite 
large blocks, breaking with conchoidal fracture. It was recog- 
nized in the field as being of unusual character, and this is 
confirmed by petrographic study. 

On a fresh fracture it is a very dark stone-gray color and is 
quite thickly dotted with small, well crystallized prisms of 
black augite, which vary from 1 to 2™" in length and are of 
stout, thick habit. Much more rarely yellow grains of olivine 
are seen of about the same size. The groundmass has a some- 
what greasy appearance, whose dark-gray color gives the rock 
its prevailing tint. It is very dense and compact, and under 
the lens it can be seen to be of crystalline character. On 
weathered surfaces the rock has a rusty brown color, dotted 
and pitted by the altered augites. 
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In thin sections the following minerals are seen: apatite, 
iron ore, augite, olivine, biotite, nephelite, alkali felspar, and 
sodalite. 

The augite phenocrysts are perfectly idiomorphie and 
bounded by the usual planes m (110), @(100), and s(111); the 
mineral is a very pale olive brown, almost colorless in the see- 
tion, and has all the characteristics of basaltic angite. It is 
sometimes filled with small inclusions of glass having irregu- 
lar shapes. It shows no trace of alteration. 

The olivine is remarkably fresh and unaltered, and is perfectly 
colorless and limpid ; it is not so idiomorphie as the pyroxene 
and is much less common. It contains inclusions of iron ore, 
glass, and occasional grains of pyroxene ; smaller crystals are 
free from these inclusions. 

The diotite is far less common than either of the minerals 
noted and in bulk amount does not compare with them. It 
does not occur in well formed tablets as is usual with this min- 
eral, but in formless, embayed, ragged patches and very com- 
monly a number of these lying near together have a similar 
erystallographic orientation and extinguish simultaneously, 
thus resembling a poikilitic structure. It quite vividly recalls 
the embayed, skeleton brown hornblendes and biotites in the 
nephelite tephrite from Langehanskiippel by Poppenhausen in 
the Rhéngebirge (buchonite of Sandberger), and may like 
tlem be only the remains of formerly larger resorbed crystals ; 
it does not, however, show any opacite berders. It has the 
rich red-brown color that so frequently distinguishes biotite in 
rocks of this class and in the theralites. It is apparently uni- 
axial. Where it occurs it is noticeable that the minute grains 
of iron ore which dot and pepper the groundmass are for con- 
siderable areas around it almost entirely lacking—the iron 
evidently being consumed in its production. It contains inclu- 
sions of apatite, iron ore, and grains of pyroxene, the last two 
more rarely. 

Apatite occurs in very small prisms and in moderate 
amount; is very often in the mica. 

The groundmass, in which these minerals lie, is clear and col- 
orless, dotted with small anhedral grains of pyroxene and 
minute octahedra of iron ore—a little of the iron ore is pres- 
ent in larger grains—, the pyroxenes and iron ore being a 
second generation. While the amount of pyroxene is consid- 
erable, it is by no means so preponderant an ingredient as is 
commonly the case in the nephelite basalts of Germany, 
where, especially in the finer grained forms, the anhedral 
grains of augite are so thickly crowded together in the ground- 
mass. In ordinary light there appears in this rock a large 
proportion of the colorless groundmass, and seen in this way 
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the rock recalls strikingly certain monchiquites described by 
Kemp* in the Lake Champlain district. It differs of course 
from these in the character of the base. In polarized light 
this colorless base breaks up into patchy, irregular, allotrio- 
morphic areas, with gray polarization colors. Some sections 
remain dark during a revolution and in convergent light these 
furnish the faint, negative, uniaxial interference figure of 
nephelite. Other sections show the exit of a bisectrix and 
that a biaxial mineral, a feldspar, is also present ; these present 
at times the appearance of twinning according to the carlsbad 
law, no albite twinning being seen.. Careful study of the sec- 
tion shows that the feldspar is not a plagioclase but an alkali 
feldspar, which in all probability is anorthoclase from its associ- 
ation with nephelite, but the optical means at present available 
are not decisive in separating this feldspar from sanidine. 

Occasionally, with high powers, a rounded area surrounded 
by minute grains of pyroxene and iron ore which define it may 
be found ; they are of a pale brownish color, and are an iso- 
tropic mineral which commonly appears faintly birefractive 
from partial zeolitization. It is referred to sodalite. The 
rock powder treated with dilute nitric acid gelatinizes abun- 
dantly, contirming the presence of the nephelite ; the solution 
gives a strong reaction for chlorine, confirming the presence 
of the sodalite; there is no reaction for sulphates, thus exclud- 
ing hauyn and nosean.t 

Tien the description given it is evident that this rock is a 
nephelite basalt. It does not, it is true, present the black 
appearance and dense texture so characteristic of the nephelite 
basalts common in central Europe, but appears like a compact, 
fine-grained intrusive; on the other hand, it does not show the 
coarse-grained character indicative of the truly abyssal rocks. 
It is evidently closely allied to the lamprophyre group and 
shows certain analogies to the absarokite of Iddings.t Since, 
however, in mineral composition and in appearance, both 
in the hand specimen and in thin section, it is most closely 


* Bull. 107, U. 8. Geol. Surv., 1893. 

+ In this connection it may be worthy of notice that rocks containing an appre- 
ciable amount of nephelite may be powdered and safely tested for gelatinization 
in the presence of olivine, if very dilute nitric acid is used. By experiment it 
has been found that pure, finely-powdered nephelite dissolves easily and rapidly 
in a solution so weak as one part of pure concentrated nitric acid in forty parts 
of water, yielding gelatinous silica upon evaporation. Thus inthe present case 
a bulk of finely powdered olivine equal in amount to the rock taken. was treated 
with very dilute acid under the same conditions. Upon boiling a few moments 
and then filtering, the filtrate upon evaporation yielded only a very small amount 
of gelatinous silica, while the filtrate from the rock powder gelatinized abun- 
dautly. Under these conditions the very small amount of olivine in the rock 
could have yielded only an inappreciable amount of gelatinous silica. 

t Jour. of Geol., vol. iii, No. 8, p. 935, 1895. 
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related to the nephelite basalts, it has been referred to that 
group. 

So far as our knowledge goes, these rocks have been 
described from only two occurrences in this country. The 
first of these is at Pilot Knob in Texas, described by Hill 
and Kemp,* and the second is in the Cripple Creek district in 
Colorado, where their presence in dikes has been mentioned 
by Cross.t Allied rocks have been described by Zirkel { from 
the Kawsoh and Elkhead mountains, but since they contain 
plagioclase it would appear that they should rather be referred 
to the tephrites. 


Leucitite of Bearpaw Peak. 


The highest summit of the mountains is known as Bearpaw 
Peak. It is situated in the western part of the region, and its 
dark conical point, rising far above the neighboring summits, 
is the most prominent feature of the mountains. This prom- 
inence is due to its greater height (7040 feet) and to the fact 
that it stands apart from the adjacent summits, from which it 
is separated by meadows and a lower hilly region in which the 
numerous streams radiating from the peak find their sources. 
From the top there is an excellent outlook over the entire 
mountain area. The smooth grassy slopes and lack of rocky 
exposures seen everywhere convince one that rapid geological 
mapping is not possible ; each point must be actually visited 
to ascertain its nature. No actual dikes are seen, but the 
grassy lines seaming the butte immediately west of the peak 
represent minette-like dikes cutting metamorphosed sedimen- 
tary rocks. 

The mountain is formed of extrusive rocks, which are all 
basaltic and consist of varying forms of scoria, breecia, and 
bedded tuffs with occasional intercalated lava flows. Good 
exposures are not rare, though the summit and sides of the 
mountain are covered by a mantle of debris extending far 
down its slopes. 

The rocks are leucite basalts, varying as greatly in color as 
in physical nature and presenting different phases of this type 
of rocks. The prevailing type is similar to that described in 
the first part of our former paper. 

About midway upon the northern flanks of the mountain a 
dark-gray, almost black rock occurs. A prospect is located 
near by, though there was no sign of ore seen. The rock 


* Am. Geologist, Nov. 1890, p. 286. 

+ Pike’s Peak Folio, Geol. Atlas, No. 7. U. S. Geol. Survey, 1894. Also Geol. 
Cripple Creek Dist , 16th Ann, Rep. U. S. Geol. Surv. 1895, p. 49. 

¢ Surv. 40th Parallel, vol. vi, Micro. Petrog., pp. 255, 256, i876, 
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appears to be part of a lava flow intercalated in the breccias, 
and proves to be a Jewcitite or olivine free leucite-basalt. As 
but few American occurrences of leucite rocks are known, it 
is of unusual interest. 

The rock is very dark gray on a fresh surface, quite dense, 
with conchoidal fracture, and has a pronounced basaltic habit. 
It does not contain either pores or the open structure due to 
vapor. In the dark, compact groundmass occasional pheno- 
erysts are seen. Very rarely dzotite occurs in rather thick, 
well formed bright, bronzy-brown tablets which vary from 
5"™ to 10™" in diameter. Much more common are prisms of a 
green divpside, mostly very small, and round white sections of 
leucite which are from 1 to 2™™ across. 

In the thin sections the minerals are found to be phenocrysts 
of biotite, augite, and leucite in a groundmass of thickly 
crowded leucites with a very little glass base. One or two 
large ore grains were seen. No olivine is present and the 
rock is therefore a leucitite. 

The diotite is so rare that only one or two flakes have been 
seen, and one large phenocryst that should have appeared has, 
unfortunately, been almost destroyed in grinding. Sufficient 
remains, however, to show that it is strongly pleochroic 
between a peculiar dark reddish yellow and nearly colorless. 
Cleavage plates furnishing basal sections are found not to be 
entirely dark during revolution, but to indicate a considerable 
obliquity of the axes of elasticity. It shows in convergent 
light a pronounced biaxial character and is a meroxene: with 
the movable thread micrometer ocular there was determined 


2E = 38°, 


which was found to be the same on two plates. This is a large 
angle fora biotite, but Tschermak* gives 2E = 56° for one 
which is also from a leucitic rock, the tuff of the Monti 
Albani in Italy. 

These biotites are partly resorbed and bordered by masses 
of opacite grains; everything, indeed, points to an earlier 
intratelluric period of formation for the mineral. 

The augite appears in section of a very pale olive brown; 
it is idiomorphic, has a good cleavage, is fresh, unaltered, 
rarely contains glass inclusions, and there is not very much of 
it. It has a wide extinction angle and appears present in only 
one generation. ; 

The Jeuwcite phenocrysts are quite well crystallized, very 
clear, limpid and fresh; they are free from inclusions, as is 


* Ber. Ak. Wien., Ixxviii (1), p. 21, 1887. 
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usually the case in the larger leucites of leucitic rocks, and 
they show the cross bands of twinning, best seen with a sensi- 
ble violet tone. Only the faintest traces of the beginnings of 
zeolitization can be seen along occasional cracks. They are of 
perfectly normal character as seen in rocks of this class, and 
offer nothing of especial interest. 

The case is, however, quite otherwise with the little leucites 
that compose the groundmass. They vary in size from ‘05 to 
‘10™™ and are thickly crowded together. They exhibit differ- 
ent stages of growth that the mineral has passed through, and 
by study and comparison these may be easily traced out, and 
arranged as shown in the adjoining fig. 1. In @ we have the 


Fic. 1. Forms of leucite growth in leucitite 
of Bearpaw Peak, 


first stage, asimple growth along the cubic axes. In / these 
are thickened by club-shaped ends which by further growth 
begin to define the leucitohedron as inc; here for the first 
time the included glass base is shown by the dotted areas. 
In the next stage, as seen in d, growths along the dodecahe- 
dral axes start from the center, finally advancing and complet- 
ing the outline, when a wheel-shaped figure is produced as 
seen ine. The final stage consists in the production of mate- 
rial along the octahedral axes and the completion of the outer 
surface of the leucitohedron, when the process of growth 
ceases and the crystal then has a club-shaped inclusion of glass 
projecting from the center of each icositetrahedral face inward 
toward the center. A median section then gives the appear- 
ance shown inj.* By far the greater number of sections 
appear like 7, though c, d, and ¢ are very common, with @ and 
bless so. The sections often exhibit the figures given with 
almost ideal symmetry, and more interesting sections of leucite 
for purposes of study have rarely, if ever, been seen. 

It is evident if a crystal like f were cut through near the 


_* Somewhat similar skeleton leucites from Vesuvius have been described by 
Sinigallia, Jahrb. Min, Beil., vii, 1891, p. 417. 
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periphery it would furnish a section like g; these are very 
rare; more often it is represented by 4, which shows it in a 
ruder, less perfect stage. The section ¢ shows an anomalous 
form observed several times and in & is seen a cut half way 
between the center and edge of a crystal with slender glass 
rods as in f. The location of each trapezohedral face is 
marked by the cross section of its inclusion. These also occur 
in various degrees of perfection. 

Studied with very high powers, it is seen that the inclusions 
in these leucites have not remained a homogeneous glass, but 
have partly crystallized and contain globulitic material and 
granules of iron ore. 

The base which surrounds the leucites and cements them 
together appears, with low powers, a dark brownish glass; with 
high powers, it is a confused mixture of ore grains, globulitic 
material, and minute indeterminable microlites that act faintly 
on polarized light, all cemented together with glass. Proba- 
bly the microlites are in part a pyroxene. 

The structure and proportion of the minerals to each other 
is shown in fig. 2, which presents the rock in a somewhat 
diagrammatic way. 


Fic. 2.—Leucitite of Bearpaw Peak. Augite, iron ore, 
leucite. Actual field 1 mm. x 50. 


The analysis of this interesting lava is given in No. 1 of 
the following table. It was made for us by Dr. H. N. 
Stokes of the chemical laboratory of the U. 8. Geological 
Survey. 
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III. 
47°53 
19 49 
2°04 
5°24 
4°10 
10°09 
2°67 
7°12 
"48 
"25 
none 
not det. not det. Sicices 


hed 


Or or 


? 
1°82 


trace ‘19 


100°08 


I. Leucitite, Bearpaw Mountain, Montana, H. N. Stokes anal. 

II. Leucite basanite, Vesuvius 1631 (Trans. Roy. Irish Acad., 
vol. xxvi, p. 50, 1876), S. Haughton anal. 

III. Leucite tepbrite, ibid (ibid, p. 83), ibid. 

IV. Leucitite, Leucite Hills; Wyoming (Emmons Surv, 40th 
Par., vol. ii, Descrip. Geol. 1877, p. 237), R. W. Woodward anal. 

V. Leucite absarokite, Ishawooa Canyon, Wyoming (Hague, 
this Jour., vol. xxxviii, 1889, p. 47; Iddings, Jour. Geol., vol. iii, 
1895, p. 938), J. E. Whitfield anal. 

Ia. Molecular proportions of analysis I. 


The marked features of this analysis are the low alumina 
and silica and the very high potash, peculiarities which 
sufficiently explain the presence of the leucite. Neglecting 
the very small amount of biotite and glass present, the essen- 
tial minerals are iron ore, augite, and leucite, and considering 
the molecular proportions given in la these become 
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L. V, Ta. 
SiO, ...... 46°51 "775 
Al,O, .---- 11°86 "115 
‘047 
Fou ...... #39 061 
MgO ...-- 4°73 118 
Na,O ..... 2°39 2°73 ‘038 
217 092 
H,O—110° 1°10 
H,O+110° 2°45 2°96 
"88 
“04 18 
SO, ....... trace — — 
Cad ....... 82 & 
MnO 1°20 1°18 13 
? ? ? ? 
"16 ? ? ? ? 
Cr,O, .--.- none ‘ane 
99°73 101°44 100°38 99°58 | 
O=Cl ‘01 
99°72 
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SiO, °264 SiO. =4 
CaO ‘132 Diopside ‘047=1 ) Iron Ore | Al.O3 ° =1 Leucite 
sat FeO ‘047=1f 11°84 | Na.O { 


FeO ‘014 | K,0 092 J 
Thus the analysis and the mineral composition agree in the 
most satisfactory manner. The iron ore is mostly present in 
the fine globulitic material which forms the main part of the 
base. 

The presence of the water is difficult of explanation unless 
we consider a certain proportion of analcite present among the 
leucites. The rock appears absolutely fresh and unaltered, 
and the amount of glass base is entirely too smal] to contain it. 
Lindgren* and Crosst have shown that analcite may be 
present in otherwise perfectly fresh unaltered rocks of high 
alkali content, and it is regarded by them as a primary 
component. 

Analyses of other leucite rocks are given in the table for 
comparison, and it will be seen that the Bearpaw rock agrees 
most closely with the Vesuvian lavas: they are distinguished 
from it by higher amounts of lime and alumina and less of 
iron. The only two occurrences of leucitic rocks in this 
country of which we have analyses are given in Nos. 4 and 5, 
from which the present type varies considerably. It seems 
ae ag from the chlorine given in No. 5 that part of the 
eucite should really be referred to sodalite, and that 4 per 
cent. may be present. 

The only other occurrence of leucite in America that we are 
aware of is the rock from Lower California described by von 
Chrustschoff,t though Kemp has shown that a dike in New 
Jersey should unquestionably be referred to leucite tephrite.s 

The occurrence of pseudo-leucite is not here considered. | 


* Proceedings Cal. Acad. Sci., ser. 2, vol. iii, p. 51. 

+ Geol. Cripple Creek District, Colorado, p. 36. 16th Ann, Rept. Director U. S. 
G. S., Part II, p. 36, Washington, 1895. 

Tscher. Mitt., vol. 6, 1884, p. 160. 

§ This Journal, vol. xlv, 1893, p. 298; ibid., vol. xivii, 1884, p. 339. 

j As this article was passing through the press, we have received the annual 
report of Dr. Hoffman (Geol. Surv. Canada, Part R, vol. vii, p. 13, 1896), in 
which he states that dark gray boulders containing large sub-translucent smoke- 
gray leucites have been found by Dr. G. M. Dawson, in the gravel of the Horse- 
fly mine on Horsefly River, Cariboo Dist., Brit. Columbia. It is to be hoped that 
the Canadian geologists may be able to follow up this interesting occurrence. 
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Art. XVII.—On the Composition and structure of the Ham- 
blen County, Tennessee, Meteorite ; by GEORGE P. MERRILL. 


THE meteorite described below was found in September, 
1887, on a ridge about six miles W.S.W. from Morristown, 
Hamblen County, Tennessee, its meteoric nature being first 
recognized by Prof. J. M. Safford. Several fragments were 
discovered, the two larger weighing respectively 11 and 13 
pounds, the aggregate weight of all about 36 pounds. Macro-- 
scopically the stone is dark gray, stained by oxidation of the 
iron, and sufficiently coarsely crystalline to allow a ready 
determination of the metallic iron and phenocrysts of pyrox- 
ene by the unaided eye. In composition and structure it 
varies greatly, at times the metallic portion prevailing in 
spongy masses enclosing the silicates, and again the sil- 
icates prevailing to the almost entire exclusion of the metal, 
or enclosing it only in the form of disseminated globules. 
According to the prevailing system, it will therefore have to be 
classed as a mesosiderite. Chemical analyses of the metallic 
and silicate portions, as made in the laboratories of the U. S. 
Geological Survey, are given below :* 


Nickeliferous Iron. 


Stony Portions. 
Soluble in HCl. Insoluble in HCl. 


‘ 


Calculated Calculated Mole- 
to 100 Molecular to 100 cular 
Analysis. per ceat. ratios. per cent. ratios. 


45°61 ‘760 50°67 "844 

22°62 14°89 "146 

1°32 ‘009 

11°73 163 "55 10°55 147 
‘014 

010 

064 

‘091 


‘003 
‘009 


37°63 100°00 62°10 100°00 
* Bulletin 113, U. S. Geological Survey, 1893, p. 61. 


99°66 
SiO, 16°79 
Al,O, ..... 833 
FeO _._.. 4°88 
..... 
McD _.... 1:34 
_ 02 
1°25 
S 
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“Tn caleulating the analysis of the soluble portion to 100 
per cent the S and an amount of iron (‘56 per cent FeO) 
sufficient to form FeS are first deducted.” 

The present writer’s attention was called to the stone by 
Mr. E. L. Preston of the Ward Natural History Establish- 
ment, who kindly offered to furnish material for the petro- 
graphic work. As will be noted by reference to the table, the 
chemical composition is somewhat peculiar, in that the per- 
centage amount of soluble matter is so large (37°63 per cent), 
. and yet, the amount of olivine, as indicated by the percentage 
of magnesia (1°34 per cent) is small. It was this feature of 
the analysis which first attracted Mr. Preston’s attention. In 
the paper above referred to this peculiarity is recognized, but 
not satisfactorily explained. The statement is made that “in 
many stony meteorites olivine is a considerable constituent, 
generally forming the bulk of the soluble silicate ; but in this 
case the analysis shows olivine to be present in but small pro- 
portions, if at all. It is interesting to see that both the solu- 
ble and insoluble portions have practically the same molecular 
ratios, the soluble portion reducing itself essentially to R Al, 
SiO,, in which R=Ca, Fe; and the insoluble part to the same 
formula, where R=Mg, Fe; both being equivalent to alumi- 
nous enstatite or pyroxene.” 

“At the time this analysis was made it was impracticable to 
supplement the work with the proper microscopical examina- 
tion of sections, which doubtless, in conjunction with the 
chemical evidence, would have satisfactorily determined the 
minerals present. Without this microscopieal knowledge, how- 
ever, little that is definite can be said, except that there seem 
to be present two simular molecules, the one in which lime 
predominates being soluble, and the other, magnesian, being 
insoluble, in hydrochlorie acid. The other alternative is to 
assume a complex molecule which is split into two sections by 
the action of the acid.” That neither of these conclusions 1s 
even approxinately correct appears in the results given below : 

Three specific gravity determinations, made on fragments 
from 15 to 25 grms. in weight, including both iron and stony 
portions, yielded the present writer an average of 4°32. 

In thin sections the structure of the stony portions is found 
to be holocrystalline granular, sometimes strongly cataclastic. 
This latter structure is particularly conspicuous in those por- 
tions rich in metallic iron, where the feldspars are often enclosed 
in the form of sharply angular fragments in the iron or in its 
numerous embayments, as shown in fig. 1. In the figure as 
drawn the heavily shaded portion is metallic iron, the colorless 
area anorthite and that finely dotted and granular silicates too 
badly stained to be drawn in outline. The appearance is not, 
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however, that of a clastic rock, but rather that of a erys- 
. ’ . . . 
talline variety which has been subjected to dynamic agencies. 
The structure as a whole is quite irregular, and as above noted 
porphyritic through the presence of large pyroxenes which at 
times are 5 to 8™™ in diameter. 


The groundmass of the stone is composed mainly of gran- 
ules of pyroxenes and plagioclase, of such size as to render 
their determination by the microscope a matter of considera- 
ble ease, but which are interspersed with innumerable rounded 
and irregular granular forms so minute and so lacking in crys- 


tal outlines as to render their true mineralogical nature a mat- 
ter of conjecture only. 

The feldspars as a rule show polysynthetic twinning. Sections 
without twin strie (and which are assumed to be approxi- 
mately to «# P %) show the emergence of an optic axis just 
outside the field, and give extinction angles as high as —38°, 
suggestive of anorthite. By means of a specific gravity solu- 
tion a small quantity of the feldspars (0°19 grm.), was separated 
out and analyzed, with the results given below, and which 
confirm the result of the optical determination. They usu- 
ally contain a large number of cavities and enclosures, as 
shown in fig. 2, in this respect, and with respect to their shat- 
tered condition as well, resembling those of the Sierra de 
Chaca stone. 

Feldspar out of Meteorite. 


1. 2, 
‘ 
O88 
97°16 
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Two pyroxenic minerals are present. The one of agray color, 
owing to minute cavities and dust-like enclosures, and giving in 
all cases extinctions parallel and at right angles with the evi- 
dent cleavage ; microchemical tests show the presence of mag- 
nesia, but not of lime or alumina. It is hence assumed to be 
enstatite. The second is very clear and pellucid, of a faint 
greenish tinge, though without evident pleochroism. It 
shows an imperfect prismatic cleavage, a pronounced parting 
parallel to ,P~%, has at times somewhat fibrous or platy 
structure, and gives extinctions on ,, P 3, measured against 
cleavage lines, running as high as 30°. Granules of this min- 
eral isolated for microchemical tests were insoluble in hydro- 
chlorie acid. With fluorhydrie acid, on a slide first covered 
with hard balsam, they dissolved, yielding abundant rhombs of 
magnesian fluosilicate. The solution treated with a drop of 
dilute sulphuric acid yielded gypsum needles, and with cesium 
chloride and sulphuric acid abundant minute, more or less 
modified octahedra of cesium alum. The mineral is there- 
fore assumed to be diallage, though the angle of extinction is 
small. Olivine is quite inconspicuous, and were it not for the 
magnesia in the soluble portion of the stone, would be quite 
overlooked. It seems to exist, intergrown with the enstatite, 
and eannot be isolated. The powdered rock, after being 
passed repeatedly through a solution of sufficient density to 
separate the feldspar, still yields a small amount of gelatinous 
silica, the acid solution reacting for both magnesia and lime, 
suggesting the presence of monticellite. It is possible, how- 
ever, that the lime may have come from inclosures of anorthite 
too small to be recognizable. 

Repeated attempts were made at separating the two pyrox- 
enes for complete analyses, but the variation in density was 
too slight to permit of this, even when the silver-thallium 
nitrate solution was employed. 

Inasmuch as the presence of the minerals above noted, as 
determined microscopically, did not satisfy all the require- 
ments of the analyses of the soluble portions, further qualita- 
tive and microchemical tests were resorted to. It was found 
that merely boiling the pulverized stone for a few minutes in 
distilled water was sufficient to give a solution reacting for 
chlorine, sulphuric acid, lime and iron. These reactions con- 
sidered in connection with the minerals known to occur in 
meteorites, are sufficient to suggest, if not prove, the presence 
of gypsum, as an oxidation product of oldhamite, and of law- 
rencite. The phosphoric acid suggests schreibersite, and the 
odor of sulphuretted hydrogen given off by the boiling solu- 
tion, troilite. Instead of, then, attempting to account for the 
results of the analyses on the assumed presence of two min- 
erals having practically the same molecular ratios, as was done 
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in the paper above quoted, the present writer would suggest 
the following as the probable mineral nature of the stone, 
including the metallic portion. 

(1) Nickeliferous iron. 

(2) Enstatite. 

(3) Diallage. 

(4) Anorthite. 

(5) Olivine (or monticellite). 

(6) Oldhamite (or secondary gypsum). 

(7) Lawrencite. 

(8) Troilite. 

(9) Schreibersite. 

According to the prevailing system of classification the 
stone must be called a mesosiderite; viewed from the stand- 
point of terrestrial petrography, it would be classed as a gab- 
bro with gradations toward pyroxenite. 

A few words more may well be written concerning the 
structure of the stone. This, as above noted, is crystalline 
granular throughout, no glass whatever being detected. In 
the finer-grained siliceous portions the constituents have 
undoubtedly all originated by crystallization in the positions 
they now occupy and have not suffered at all from dynamic 
agencies. The coarser portions of the rock, and particularly 
those in immediate juxtaposition with the metallic iron, have a 
strongly marked cataclastic structure, the feldspars existing 
mainly as angular fragments, as shown in fig. 2. All structural 
features point to the injection of the metallic iron, or at least 
to its reduction to the metallic state, subsequently to the solidifi- 
cation of the stone, the same being accompanied by a shatter- 
ing and more or less displacement of the minerals in the near 
vicinity. In the more siliceous portions the iron exists only in 
small round blebs, and seems to have been wholly without 
effect on the structural features; but where existing in masses 
of some size, as in fig. 1, the appearance is at once suggestive 
of subsequent injections and consequent disruption of parti- 
cles. 

The occurrence of the feldspars to the exclusion of the 
enstatites in the immediate vicinity of the metallic portions, 
would be extremely suggestive could we consider both as prod- 
ucts of solidification in place, from an iron-bearing magma, in 
the one case the elements combining to form an iron rich sili- 
cate (enstatite), and in the other, metallic iron and feldspar. 
The extremely fragmental condition of the feldspars, particu- 
larly when closely associated with the iron, suggests, however, 
that these were in a crystalline condition prior to the injection 
of the metallic portions, and hence that no such extreme 
phase of magmatic differentiation could have taken place. 

It should be noted.that the stone, as shown by sections cut 
from different fragments, is quite variable, both in structure 
and inthe relative proportions of its constituent minerals. 

U. 8. National Museum, April, 1896. 
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ArT. XVIII.— Wardite: a New Hydrous Basie Phosphate 
of Alumina; by Joun M. Davison. 


[Read before the Rochester Academy of Science on April 28, 1896.] 


In the number of this Journal for April, 1894, Mr. Packard 
describes and gives the analysis of massive variscite from 
Utah. Since then a considerable quantity of this mineral has 
been received by Ward’s Natural Science Establishment, of 
Rochester, N. Y. It is in form of nodules and shows the 
mineral in several shades of green, and one specimen of pure 
milk-white color. Nearly all have the firm brownish-yellow 
outer coating and some show the variscite, altered to a softer 
whitish mineral, as described by Mr. Packard. 

Occasionally decomposition of the variscite has left cavities 
in the nodules, and encrusting these cavities is an hydrous 
basic phosphate of alumina, which does not appear to have 
been hitherto described. It is of light green or bluish-green 
color, with vitreous luster, concretionary structure, hardness 
greater than variscite,—about 5—and specific gravity 2°77. 
Its concentric habit has, in places, developed an oolitic struc- 
ture, resembling clusters of fine shot with rough surface. Tiny 
balls are found on the surface of the larger masses. A thin 
section shows that they have been buried in the mineral at all 
stages of its growth, giving a mottled appearance to the sec- 
tion. 

Analysis of this mineral gave : 


H,O 
Al,O, (by difference) 


The formula may be written: P,O,.2A1,0,.4H,O, or Al, 
(OH),PO, + 4H,O, or perhaps AlNaPO,.Al (OH),.4H,0. 
This mineral, to which I gg i the name of Wardite, 
a 


in honor of Prof. Henry A. rd, of Rochester, N. Y., 


would seem to come in series with 
Peganite, Al,(OH),PO, + 14H,O 
Turquois, Al((OH),PO,+ H,O 
Wardite, Al,(OH),PO, + -4H,O 


{ 
4] 
= 
100° 


Hydrous Basie Phosphate of Alumina. 155 


Before the blowpipe it swells, cracks open, rounds and turns 
white, giving a sodium flame. Yields water in the closed tube ; 
gives hydrogen phosphide with the magnesium test; turns 
blue with cobalt nitrate. With borax in O. F. gives a clear 
bead ; yellow, hot ; colorless when cold, with perhaps a tinge of 

reen if highly charged; opaque by flaming if saturated. 

hen ignited it sinters. Partly decomposed by acids. Finely 
powdered and strongly heated with con. HCl or HNO, 
about 20 per cent. remained undissolved. This residue on 
ignition was pure white and entirely dissolved on further 
treatment with acid. But if the mineral was first ignited and 
then heated with acids, about 11 per cent. remained undis- 
solved. This residue, on ignition, was white with a pinkish 
tinge and resisted further action of acids. 

In course of this investigation analyses of variscite were 
made which closely agreed with those given by Mr. Packard. 
They did not, however, confirm the statement that, before 
ignition, variscite is insoluble in acids. When finely powdered 
and strongly heated for some time, it completely dissolved in 
either HC].HNO,. or H,SO,—perhaps most easily in the last. 
Heated in fine powder for 40 hours to 100-130 C. variscite 
gave off 22°22 per cent. water, then over the blast-lamp for 30 
minutes lost 0°50 more. 

One interesting specimen shows the green variscite with its 
lower surface changed to a yellow alteration-product. On 
top, and seemingly running into the green, is a colorless radi- 
ate rosette, strongly resembling wavellite, but with rather 
stouter prisms. Imbedded in this rosette is a concentric mass 
of wardite, differing in form and color from both the varis- 
cite and the radiate mineral. Attached to another piece of 
superficially altered variscite was a nodule of the size and 
shape of a pea, itself covered with the same alteration prod- 
uct. Detached, it was found concentric in structure, having 
both white and colorless layers and hard enough to defy the 
point of a knife. It looked like chaleedony, but the alteration 
zone showed that it probably was amphithalite. 


Am. Jour. Sc1.—FourtH Series, Vou. II, No. 8.—AvGust, 1896. 
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Art. XIX.—The Lodometric Estimation of Molybdice Acid ; 
by F. A. Goocu and CHARLOTTE FAIRBANKS. 


[Contributions from the Kent Chemical Laboratory of Yale University—LII.] 


I. The Digestion Method.—Mauro and Danesi have shown* 
that under carefully regulated conditions, hydrochloric acid, 
potassium iodide and a soluble molybdate interact so definitely 
that the iodine set free from an excess of potassium iodide 
may be taken as a measure of the molybdic acid, assuming 
that every molecule of molybdic acid sets free an atom of 
iodine. They explain this action by the equation : 

2Mo0, + 4HI = 2Mo0,1+I, +2H,O 
These results are obtained by acting upon a soluble molybdate 
containing from 0:1 to 0°5 grm. of molybdic acid with 1°5 grm. 
of potassium iodide in 1°5° of water and 2°5° of strong hydro- 
chloric acid, in an atmosphere of carbon dioxide, the whole 
being heated an hour and a half in a sealed tube. The authors 
point out that with prolonged heating the action proceeds a 
little farther, and in the cold, under conditions otherwise simi- 
lar, not quite so far as the theory of the equation would indicate. 

Upon following out exactly the directions of Mauro and 
Danesi we obtained results similar in general to theirs. The 
digestion in sealed tubes under the conditions indicated gave 
results closely comparable with theirs, and these were in fairly 
good accord with the theory of the reduction. Our results 
obtained by digesting in the cold and in small volumes for a 
long time, according to the second method of Mauro and Danesi, 
were not equally favorable, and these results, as well as those 
obtained by varying the treatment, indicated an increasing difti- 
culty in the reduction of the molybdic acid as its amount 
increased. As will be seen from the table, the method of 
Mauro and Danesi was varied in two ways: instead of only 
treating in small volumes (4°) at 100° C., we used larger vol- 
umes (20° to 30°) at 100° C. with weaker acid and smaller 
amounts of the iodide; and instead of their treatment in the 
cold of only small volumes (4°), large volumes (50° to 100°) 
with stronger acid were used. 

Treatment in sealed tubes at 100° for 14 hours. 
(Method of Mauro and Danesi.) 


MoOs, a8 ammonium 
0. KI. molybdate. MoO; found. —_ Error. 


H 

ce. grim. grm. grm. grm. 
1°5 "1010 0003 — 
1 1°5 *3004 ‘0007 — 
1 1°5 "5006 "4795 0031 — 
1 1°5 "5020 0096 — 


* Zeitschr. fiir Anal. Chem,, 1881. 


| 
HCl. 
ce. 
2°5 
2°5 
| 2°5 

9°5 
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Treatment 18-22 hrs. in cold. 


(Methoa of Mauro and Danesi.) 

MoO; as above. MoO; found. Error. 
grm. grm. grm. 
“0986 ‘0982 
‘0982 “0979 "0003 — 
‘2041 *2024 ‘0017— 
"2059 °2043 ‘0016— 
*2063 *2040 "0023 — 
*3116 “3059 "0057 — 
“3098 ‘0087 — 
“4080 ‘4011 ‘0069— 
“4087 “4015 0072— 
"5210 "5102 ‘0108— 
“5172 “5023 ‘0149— 


HOH 
Or Ot oe Or Ot 


Treatment at 100° for 1 hour. 


(Amounts of liquid and iodide different from those of Mauro and Danesi.) 
HCl. H,0. KI. MoO; taken. MoO, found. Error. 
grm. grm. grm 

0893 0897 0004 + 

“0824 0813 0011— 

— 

0990 "0982 “0008 — 

“0842 ‘0001 + 

°1683 "1591 "0092 — 

"1706 "1536 °0170— 

"1695 "1633 0062 — 


grm 


5 
5 
‘5 
5 
5 


Treatment 18 howrs in cold. 


(Amounts of liquid different from those of Mauro and Danesi.) 
HCl. 4H,0. KI. MoO; taken. MoO, found. Error. 
ce. ce. grm. grm. grm. grm. 
40 1°5 *5018 "4847 ‘0171— 
90 1°5 *5005 *4910 0095 — 
75 "4934 °0101— 
75 1°5 5022 "4920 70102 — 


The explanation of these experimental results we were 
inclined to believe lay in a tendency on the part of the iodine, 
set free in the process, to reverse the action. If this is so, the 
obvious remedy should be found in the removal of the iodine 
from the sphere of action, and this idea led us to experiment 
upon a process of distillation in which the iodine should be 
collected and estimated in the distillate; but before our work 
was completed, Friedheim and Euler published* the results of 
their investigation along the same line. 

II. Distillation Process.—These investigators have shown 
that if molybdic acid is treated with potassium iodide and 


* Berichte d, d. Chem. Gesell., xxviii, 2066. 
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HCl. H.O. 

ce. ce. 

2°5 1°5 

2°5 

2°5 

2°5 

2°5 

2°5 

2°5 

2°5 

2°5 

2°5 

2°5 
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hydrochloric acid, one atom of iodine is distilled for every 
molecule of molybdic acid present. The process according to 
their directions consists in treating in the Bunsen apparatus 
from 0°2 to 0°3 grm. of a soluble molybdate, or molybdic acid 
dissolved in sodium hydroxide, with 0°5 grm. to 0°75 grm. of 
potassium iodide and enough hydrochloric acid (sp. gr. 1°12) to 
two-thirds fill the flask. The solution is warmed for some time 
and only heated to boiling when the flask is wholly filled with 
the heavy vapor of iodine. It is boiled until no more iodine 
is visible and the liquid is of a clear green color. The iodine, 
collected in a receiver previously charged with a solution of 
potassium iodide, is then titrated with a standard thiosulphate 
solution. Results, varying between ‘05 per cent and 1°3 per 
cent on amounts, ranging from 0-2 grm. to 0°4 grm., of the 
molybdic acid present, were obtained by them. 

Our experience fully confirms the usefulness of the method 
of Friedheim and Euler, but we have found it necessary to 
define more exactly the conditions of distillation. It is not 
sufficient to say that the boiling shall be stopped when a clear 
green color appears and when the steam is no longer colored by 
iodine ; for the green color comes very gradually and we have 
repeatedly found iodine in the residue after the green color 
had developed distinctly. We have found it safer and more 
convenient to start the distillation with a definite volume of 
liquid and boil until the volume is reduced to a definite point. 

Our work has shown that if the initial volume is about 40°, 
no iodine remains in the flask after the liquid has been boiled 
down to 25°, and that at that degree of concentration the 
molybdic acid shows the theoretical reduction ; but if the con- 
centration is pushed beyond this point, a tendency to further 
reduction of the molybdic acid becomes evident. 

We find it necessary to carry on the distillation in an atmo- 
sphere of carbon dioxide, inasmuch as the hydriodie acid freed 
by the action of hydrochloric acid of the strength employed 
upon the potassium iodide, is decomposed by distillation in 
contact with air, with liberation of iodine. As even a trace of 
oxygen will immediately set free iodine from boiling hydriodic 
acid, the carbon dioxide must be as free as possible from oxygen. 
The carbon dioxide which we used was evolved from boiled 
marble by the action of boiled acid to which a little cuprous 
chloride had been added, and was finally passed through a solu- 
tion of iodine in potassium iodide to free it from any reducing 
_ substance which might be present. 

The apparatus which we found most satisfactory was con- 
structed with sealed and ground joints exclusively, and is 
shown in the accompanying figure. The distillation takes place 
in the first flask, and the iodine collects in the second flask and 
trap, which hold a solution of potassium iodide kept cool by 
immersion of the flask in cold water. 


{ 
+ 
q 
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Before making the test experiments, 
a stream of the purified carbon dioxide 
was passed through the whole appa- 
ratus for some minutes and the stop- 
cock in the funnel was closed. 

Ammonium molybdate, from 0-1 to 
0-4 grm., dissolved in 10° of boiled 
water, was put in the stoppered funnel 
and almost all of it allowed to run into 
the first flask. It was necessary that a 
few drops be left in the funnel or the 
liquid to follow would carry down 
bubbles of air. This precaution is 
necessary to the attainment of good 
results. Ten cubic centimeters of 
boiled water containing 0°5 grm. of potassium iodide were 
introduced similarly and finally 20° of strong hydrochloric acid 
(sp. gr. 1:20). Before the acid was allowed to run in w holly, 
the stoppered funnel was again filled with carbon dioxide and 
finally left connected with the generator so that carbon dioxide 
might be passed into the apparatus at any time. 

The liquid in the first flask, which at that time held the 
ammonium molybdate, 0°5 grm. of potassium iodide, 20° boiled 
water and 20° of hydrochloric acid (sp. gr. 1°20), was boiled 
until the volume decreased to 25°. Under these conditions 
we do not find it necessary to digest the mixture before boil- 
ing. The iodine in the second and third flasks was titrated 
with standard thiosulphate. 

Phe ammonium molybdate which we used in all the experi- 
ments was prepared by twice recrystallizing presumably pure 
molybdate. This salt was proved to contain 81°55 per cent of 
molybdie acid by the fact that a given weight of the molybdate 
was found to liberate 81°55 per “cent of the amount of iodine 
set free by the same weight of pure molybdic anhydride dis- 
solved in sodium hydroxide and treated similarly. 

We have found it to be a matter of importance that the 
potassium iodide present shall never exceed the theoretical 
requirement by more than half a gram; otherwise the reduc- 
ing action on the molybdic acid will be forced too far. When 
the amount of molybdie acid present is less than 0°3 grm. it is 
safer to restrict the potassium iodide used to half a gram. 


MoO; as ammonium 
molybdate taken. KI. MoO; found. Error. 

grm. grm. grm. 

*2585 5 *2580 "0005 — 
"2995 ‘2991 0004— 
"2524 "25138 ‘0011— 
"2446 *2457 
"2903 *2914 “0011+ 
“2808 0010+ 
"2656 *2663 “0007 + 
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dissolved 


in NaOH. KI. MoO; found. Error. 
grm. grm. grm. grm. 
2273 0'5 “0008 + 
*2052 0°5 "2062 0010+ 
"8474 0°5 "3467 0007 — 


Ill. Reoxidation Process.—It was noticed during our 
experiments upon the method of Mauro and Danesi, as has 
been remarked previously, that large amounts of iodine in the 
digestion flask seemed to react upon the reduced product. In 
the process of Friedheim and Euler, too, it was discovered that, 
when the iodine which had collected in the second flask was 
drawn back into the first flask and mixed with the hot reduced 
ging the iodine found by titration was deficient in amount. 

t was found also that small amounts of standard iodine, intro- 
duced into the flask containing the reduced molybdic acid in 
an atmosphere of carbon dioxide, were absorbed slowly when 
this mixture was heated. This slow disappearance of the 
iodine in acid solution suggested the possibility of effecting 
the complete oxidation of the reduced molybdie acid in an 
alkaline solution, containing a tartrate or other salt of an organic 
acid to prevent precipitation. Several.experiments were made 
in this direction upon the residues left in the process of Fried- 
heim and Euler, the distillate having been titrated as usual 
with sodium thiosulphate to make sure that the reduction had 
proceeded properly. These residues were treated in each case 
with 1 grm. of tartaric acid, neutralized by acid sodium car- 
bonate and left standing for an hour or two with an excess of 
standard iodine. Upon determining, by means of standard 
arsenious acid, the iodine left over, it was found that the amount 
of it which had disappeared corresponded very closely with 
that set free in the distillation, which is of course the same as 
that necessary to reoxidize the molybdic acid completely. 

The conditions necessary to complete oxidation being known, 
experiments were made to see whether the process could not 
be successfully carried on in an open flask. Naturally under 
these conditions the air present must, as in the previous experi- 
ments, tend to set free some iodine at the outset, but, inasmuch 
as the hydriodic acid gradually diminishes in strength as the 
molybdenum is reduced and all iodine is ultimately driven 
from the flask, which is filled with steam during the boiling, it 
seemed possible that the danger from the action of atmo- 
spheric oxygen might be so far reduced as not to interfere 
essentially in the estimation of the molybdenum in the residue, 
provided the contents of the flask is diluted and cooled at the 
end of the boiling. Ammonium molybdate containing from 
to 0°3 grm. molybdie acid, 0°5 grm. of potassium iodide, 
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20° of water and 20° of hydrochloric acid (sp. gr. 1:20)—the 
same proportions as those used in the process of Friedheim 
and Euler—were put into a 100° flask or narrow-based Erlen- 
meyer, and boiled from a total volume of 40° to exactly 25°, a 
point carefully marked on the flask. At this point of concen- 
tration, tests, repeated in many cases, have shown no free 
iodine in the reduced solution. If the solution 

is boiled below 25°, there is a tendency for the 

reducing action to go too far. 

The residue was diluted at once, neutralized 
with acid sodium carbonate, and treated with an 
excess of standard iodine. 

For a trap to prevent loss during boiling, a 
two-bulbed calcium chloride tube, cut off as 
shown in the figure four centimeters below the 
larger bulb, was fitted loosely inside the neck 
of the flask. Too violent boiling was prevented 
by the addition of two or three small pieces of pumice stone. 
While still acid the reduced solution, diluted and containing at 
this time little hydriodic acid, is not appreciably reoxidized in 
the air for some time; but when once made alkaline, it is 
very easily changed. Therefore the iodine for reoxidation 
must either-be added before the solution is made alkaline or 
great care must be taken while neutralizing to stir the solution 
as little as possible and to draw in the iodine immediately. 
Less chance for error is introduced if the reduced solution is 
put, with an excess amounting to at least 8° of decinormal 
iodine and with a gram of tartaric acid, to prevent precipitation, 
in a liter flask, corked and then neutralized with acid sodium ear- 
bonate. The flask was fitted with a paraftined rubber stopper, 
carrying a funnel with a stop-cock for introducing the acid 
sodium carbonate and a Will and Varrentrapp trap for cateh- 
ing in a solution of potassium iodide any iodine thrown off 
during the effervescence. In some of the test experiments 
normal potassium carbonate, as causing less effervescence, was 
substituted for the acid sodium carbonate during the first part 
of the neutralization; the solution, however, must always 
finally be made alkaline with the acid carbonate. 

The simpler method of neutralization is to put the reduced 
solution and a gram of tartaric acid in a liter flask, adding 
enough sodium Totentte to nearly neutralize the solution, 
and finally making the solution surely alkaline with acid sodium 
carbonate. An excess of the standard iodine must be drawn 
in at once or atmospheric oxidation will take place and the 
error of the process be great. 

If the solution has been properly neutralized according to 
either method, the iodine color should perceptibly fade within 


. 
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fifteen minutes, but for complete oxidation the trapped or 
corked bottle should be set aside out of sunlight for an hour 
and a half or two hours. The iodine which was not used for 
reoxidation was then titrated with a standard arsenic solution. 
Since there is a slight tendency, especially when sodium 
hydroxide and acid sodium carbonate are used for neutraliza 
tion, toward the formation of a little iodate, it is wise to acidu- 
late the solution in each case slightly with dilute hydrochloric 
acid and then to determine by sodium thiosulphate the iodine 
which has taken the form of iodate. The ratio 126°85:144 
expresses the relation of the total amount of iodine used in 
the reoxidation process to the calculated amount of molybdic 
acid present. The table given below shows the amount of 
molybdie acid taken in the form of ammonium molybdate and 
the molybdie acid found calculated from the iodine used in 


reoxidation. 


MoO; as 

ammonium MoO; 

molybdate. KI. found, Error. Neutralized by 
grm. grm. grm. grm. 
1640 5 1639 0001— K,CO,+ NaHCO, 
1692 "1681 ‘001l1— 
1666 *1661 “0005 — ‘i 
1517 1517 0000 NaHCO, 
2530 5 2537 0007+ 
1636 ‘0001 + 
1520 1518 *0002— 
1642 "1652 0010+ 
4560 “75 *4560 ‘0000 
*1690 *1683 °0007— NaOH+NaHCO, 
‘0507 5 0519 0012+ 
°1663 °1666 "0003 + 
*1639 "1632 0007 — 
*1514 5 °1512 “0002 — 
*1649 5 *1646 ‘0003 — 
Average error in the experiments, — ‘0001 gram. 


The results given in the foregoing table show that molybdic 
acid can be determined with accuracy and convenience by boil- 
ing it with hydrochloric acid and a small excess of potassium 
iodide to a definite concentration in an ordinary flask, then 
neutralizing the residue with acid sodium carbonate, and reoxi- 
dizing the reduced molybdie acid with standard iodine. 
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Art. XX.—On the Existence of Selenium Monoxide ; by 
A. W. PEIRCE. 


[Contributions from the Kent Chemical Laboratory of Yale University—LILI.] 


It was Berzelius’s idea that the odor of decayed cabbage 
which is noticed when selenium is burned in air is due to the 
formation of a gaseous lower oxide of selenium which he called 
the monoxide. The same oxide is said to be formed when 
selenium sulphide is dissolved in an insufficient amount of 
aqua regia, in the distillation of a mixture of selenium and 
selenium dioxide, and in the action of sulphur upon selenium 
dioxide. 

Sacc* records his inability to obtain such an oxide, and attrib- 
utes the odor which is noticed under these conditions to a 
trace of selenium hydride. A very minute trace of the hydride 
is sufficient to develop a very considerable odor, and traces of 
moisture may be enough to produce a perceptible odor of the 
hydride when the conditions are favorable to action upon the 
elementary selenium. Whenselenium burns in air, or when its 
sulphide is oxidized by aqua regia, moisture is inevitably present, 
and when selenium dioxide is reduced by sulphur or inter- 
mixed with elementary selenium its extremely hygroscopic 
character implies the presence of traces of water. 

It has been a generally accepted opinion of late that the 
selenium monoxide does not exist, but more recently, in work 
upon certain organic compounds of selenium, Chabrié has been 
led to the idea that the monoxide does exist and that it is a solid 
body. Chabrié statest that when selenium is heated in air it 
tends to increase in weight. At 100° C. the increase is said to 
be inappreciable, but at 180° C. it approaches very nearly to 
the limit corresponding to the formation of the selenium mo- 
noxide, SeO. Further he says that this increase in weight when 
the selenium is heated to 180° cannot be due to the formation 
of the dioxide, since that compound, if it were formed, could be 
seen as a crystalline deposit; or if the temperature is too high 
to allow it to deposit, a loss of weight would result. He is so 
sure of the increase that, were it not for the fact that the mo- 
noxide has not been generally recognized, he would suggest as 
a possible means for the determination of selenium to heat it 
to 180° and estimate it as SeO. The selenium with which 
Chabrié obtained these results was reduced by acting with 
sodium sulphite and hydrochloric acid upon the product of 
oxidation of certain organic compounds of selenium of the 


* Annales de Chimie et de Physique III, xxi, 119. 
+ Ibid., VI, xx, 273. 
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aromatic series by means of nitric acid, and filtering on glass 
wool. The product when dried quickly at 100° gave results in 
accord with his theory of the constitution of the compounds, 
counting.the selenium dried at 100° as existing in elementary 
form. Thus: 


iH. IIL. 
Se found ......- 0°0347 0°0680 0°0406 
Se by theory - ..0°0349 0°0678 00414 
0°0002 — 0°0002 + 0°0008— 


In other analyses of the same compounds, in which the 
selenium was dried at 180° instead of at 100°, the weight of 
the selenium was so much greater as to suggest the idea that 
the element had oxidized to the condition of the monoxide. 

Thus: 

I. II. Ill. IV. 
SeO (?) found- ..0°0301 0°0525 0°0523 0°0517 
SeO by theory...0°0301 0°0517 


0°0000 0°0008+ 0°0019+ 0°'0019+ 


Had Chabrié actually found that the same identical selenium 
determined by drying toa constant weight at 100°, did actually 
increase in weight at 180° to a constant amount corresponding 
exactly to what the weight should be were the monoxide formed, 
the evidence of such oxidation would be good. What Chabri¢ 
did, however, was to show that when the selenium from one 
sample of his compound was dried at 100° and regarded as 
elementary selenium, the amount of it found corresponded to 
his theory of the composition of his compound ; while to har- 
monize the results of analysis with the demands of the theory, 
when the selenium from another sample of the same prepara- 
tion was heated to 180° it became necessary to assume that the 
selenium had been oxidized to the condition of the monoxide. 
Moreover, it has been shown very recently by Krafft and 
Kaschau* that the composition and constitution given by 
Chabrié to some, at least, of his organic compounds of selenium 
cannot be sustained. It has seemed to be desirable, therefore, 
to put the question of the oxidation of selenium at 180° to the 
direct test. 

I have dried selenium to a constant weight at 100°C. 
and then have heated it to 180° C. for various periods of time, 
and in no single case have I observed the slightest increase in 
weight. In the following table are the results of these experi- 
ments. In every case the selenium was taken originally as the 


* Ber. d. d. Chem. Gesell., xxix, 428. 


a 
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dioxide, prepared as described in previous articles, and precip- 
itated in some cases with sulphurous acid, in some instances 
with — iodide, dried to a constant weight at 100° and 


then heated to the temperature and for the periods indicated 
below : 
Se found 
Exp. at 100°. Temp. Time. Weight. Loss. 
grm. grm. grm. 
1, 0°0356 110° shour 0°0350 0°0006 
130° 0°0348 0°0002 
2. 0°0355 110° 0°0350 0°0005 
130° . 0°0347 070003 
150° 0°0346 
3. 00576 180° 84 “ 0°0546 0°0030 
4, 0°0576 180° 84 0°0558 0°0018 
5. 0°3324 180° 2 * 0°3306 0°0018 
6. 0°3500 180° 14 0°3445 070055 
0°4274 180° * 0°4232 00042 


Other experiments were made for the purpose of deter- 
mining if possible just how the losses occur. The selenium 
collected as usual upon asbestos in a perforated crucible was 
introduced into a large glass tube placed horizontally in an air 
bath in such manner that the tube extended outside the bath 
at both sides and remained cool at the ends. A current of dry 
air was drawn through ignited asbestos and then through the 
tube containing the selenium and crucible, and passed to the 
suction pump through a glass trap filled with water. A ther- 
mometer placed within the tube and closely adjacent to the 
selenium showed the temperature of the selenium as the 
experiment. progressed. On gradually heating the bath no 
change was observed at first, but at 180°C. a mirror of red 
elementary selenium formed on the cooler portions of the tube 
outside the bath, but did not extend so far asthe trap. At the 
end of the heating the crucible was weighed and the loss 
determined. The washings of the tube and the trap when 
acidified and tested with potassium iodide gave no indication 
of selenious acid, as would inevitably be the case if selenium 
dioxide were formed and volatilized during the heating. The 
loss is due, therefore, entirely to the volatilization of the 
selenium as such. 

Se found 
Exp. at 100°. Temp. Time. Weight. Loss. 
8. v'0706 180° 24hours 0°0628 0°0078 
9. 0°0987 180° 0°0948 0°0039* 
10. 0°3192 180° 4 03121 0.0071 
200° 2 0°0876 0°0058 


*Ty current of CO, instead of air. 
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In every case, irrespective of the reducing agent employed 
or details of treatment, I get a loss of weight on heating 
selenium in air to 180°, due to the volatilization of the 
selenium. If this is so, it should be possible to so arrange the 
apparatus that the selenium volatilized may be caught and 
weighed. 

A drying tube with ground-in stopper was, therefore, sealed 
to a smaller tube carrying a bulb filled with ignited asbestos. 
The selenium was weighed and introduced upon an asbestos 
felt into the larger tube and the whole was carefully weighed. 

The larger tube was heated in the air bath, while air was 
drawn through the tube in the direction of the bulb of asbestos, 
which was outside the bath and cool. Selenium volatilized as 
before, very evidently, as far as the asbestos in the bulb, where 
it was caught. On cooling and weighing the tube and contents, 
absolutely no change of weight was observed. This shows that 
no gaseous product is formed to occasion the loss, but that the 
decrease of weight in the former experiments was due to the 
volatilization of the selenium itself. 

Thus I am unable to duplicate the results of Chabrié in this 
matter, although I have followed his method of treatment so 
far as it is described. The only difference apparent is in the 
source of the selenium—in this work the dioxide of known 
purity with which much exact work has recently been done, 
and in Chabrié’s work the oxidation product of certain organic 
compounds. I fail to see, however, how this difference in 
origin can affect the sensitiveness of the selenium with refer- 
ence to the oxidizing action of the air. 

Having thus been unable to obtain the monoxide in the 
solid state, I have made some experiments upon the oxidation 
of selenium by heating it in mixture with dioxide and under 
such conditions that the existence of a gaseous product, such as 
Berzelius describes it to be, would be noted, even if it were 
formed in very small amount. 

A hard glass tube of convenient size, about 2° in diameter 
and 65™ in length, was washed and dried most carefully and 
sealed atoneend. Through the open end were introduced 0-0247 
grm. pure selenium dioxide, freshly prepared and scrupulously 

rotected against moisture, and 00250 grm. powdered selenium. 
he open end was then drawn out in such a way that attach- 
ment could easily be made to an air pump and an intervening 
ortion of the tube constricted so as to be easily sealed later. 
he end was attached to a mercury air pump and the pressure 
reduced to 4"". By applying a flame to the constricted part 
the tube was sealed in that condition. The tube was heated 
gradually in a small combustion furnace until the whole con- 
tents were vaporized, maintained in that condition some 
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minutes and then cooled. At every opportunity of lower tem- 
perature the selenium vapors would condense into dark metal- 
lie drops which ran into larger and larger drops, like mer- 
cury globules, seeming to separate from the dioxide vapors. 
This treatment was repeated six times at intervals, the contents 
of the tube showing each time the same phenomena of sub- 
limation and condensation. Nothing was observable at any 
time to indicate chemical change in either substance, each 
maintaining the characteristics of its own sublimation. 

Finally the air pump was again attached and allowed to work 
until the manometer registered no pressure. Upon breaking 
the end of the tube by pinching it inside the rubber connector, 
the height of the mercury column indicated the same pressure 
as when the tube was originally sealed. When disconnected 
the tube possessed not the slightest odor. 

This experiment was repeated with the sole modification 
that the heating was not carried to a temperature so high, and 
this time 0°0730 grm. freshly prepared dry selenium dioxide 
and 00730 grm. powdered selenium were sealed up in the 
evacuated tube and heated for seven hours at 180°C. and 
finally for one hour at 200°. Upon breaking the tube under 
conditions similar to those of the previous experiment the con- 
tents showed no pressure and possessed no odor. Obviously 
no gaseous product was formed under these conditions. 

I have thus been unable to find evidence of the existence of 
selenium monoxide, either gaseous or solid, and my experience 
goes to show that the peculiar smell attributed by Berzelius to 
the monoxide is only developed, as Sacc found, when selenium 
is heated in presence of moisture, and that a mere trace of 
moisture is sufficient to produce the odor. 

In conclusion I wish to express my thanks to Prof. F. A. 
Gooch for many valuable suggestions during this work. 
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SCIENTIFIC INTELLIGENCE. 


Il. GroLtocy AND MINERALOGY. 


1. Anticlinorium and Synclinorium.—Questions of nomencla- 
ture in science are of course altogether subordinate to questions 
of fact or principle. They are, nevertheless, by no means unim- 
portant. Two propositions in regard to nomenclature command, 
I think, general acceptance: first, a name already introduced 
ought not, save in most exceptional cases, to be employed in a 
different sense from that in which it was originally employed ; 
secondly, when a new word is introduced, or when an old word (in 
the exceptional cases in which such procedure is justifiable) is 
employed in a new sense, the word ought to be etymologically 
appropriate to the meaning assigned. 

For both of these reasons, it seems to be matter for regret that 
Professor Van Hise, in his masterly discussion of Folds,* in the 
Journal of Geology for April-May, has seen fit to use the words 
“ anticlinorium ” and “synclinorium ” in the sense respectively of 
composite anticline and composite syncline. As correctly stated 
by Professor Van Hise, the words “ anticlinorium” and “ syncli- 
norium” were first used by the late Professor James D. Dana. 
‘They were, however, used by Professor Dana in a very different 
sense from that in which Professor Van Hise now proposes to 
employ them. The paper in which they were first published was 
entitled, “On Some Results of the Earth’s Contraction from 
Cooling, including a Discussion of the Origin of Mountains, and 
the Nature-of the Earth’s Interior ;” and was published in this 
Journal for June, 1873.¢ In that article, Professor Dana ex- 
pounded his well-known view, that, in the great majority ,of cases, 
a@ mountain range is formed by the crushing of the thick mass of 
strata which have slowly accumulated during the progressive sub- 
sidence of a great geosyncline. Such a mountain range he pro- 
posed to call a synclinorium, the latter half of the word being 
derived from the Greek Opos, a mountain. The word therefore 
expressed very appropriately the conception of a mountain range 
made out of the material accumulated in a great synclinal depres- 
sion. 

In the same article, Professor Dana called attention to the 
fact that, in some instances, an elevation of land so great and so 
permanent as to deserve recognition as a mountain range might 
be the result of a geanticlinal movement, and the corresponding 
term ‘“anticlinorium” was proposed for such an elevation. 
According to this view, the Appalachian range, when first formed 
at the close of Paleozoic time, was atypical synclinorium. In its 
reélevation in Tertiary time, after the long Mesozoic cycle of 


* Deformation of Rocks.—II. An Analysis of Folds. Journal of Geology, vol. 
iv, pp. 312-353. 
+ This Journal, III, v, pp. 423-443. 
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erosion, the Appalachian range would be an example of an anti- 
clinorium. The Sierra Nevada, when its rocks were crushed and 
folded at the close of the Jurassic, was a synclinorium. The 
broad uplift in Tertiary time of the broken arch whose abutments 
remain in the Sierra Nevada and the Wasatch, was an example 
of an anticlinorium. 

The two words, as thus used by Professor Dana, seem perfectly 
. *ppropriate to the significations which he assigned to them, and 

they seem to me to be still desirable terms in their original sense. 
Even those who do not accept Professor Dana’s theoretical views 
in regard to the dynamics of mountain-making, must recognize 
the two types of mountain structure, as corresponding to two 
different processes of formation. The same distinction between 
the two types of mountain ranges has been recognized by Pro- 
fessor Le Conte,* but the designations which he proposes for 
them seem far less elegant and appropriate than those proposed 
by Professor Dana in the article in question. The word “ syn- 
clinorium” is used by Professor Dana in the last edition of his 
Manual of Geologyt in precisely the same sense in which it was 
proposed in 1873. 

The nomenclature proposed by Professor Van Hise is there- 
fore objectionable, as involving a transfer of words which are 
still desirable in their original sense to an entirely different mean- 
ing. Moreover, the derivation of these words from the Greek 
opos which made them etymologically so elegantly appropriate 
in Dana’s original use, seems to have no special appropriateness 
for the sense in which it is now proposed to use them. The 
masterly character of Professor Van Hise’s article will undoubt- 
edly give it a great influence over the thought and language of 
all students of Physical Geology. That it should lead them to 
the adoption of a nomenclature so objectionable, seems an event 
greatly to be deprecated. W. N. R. 

2. Transactions of the Geological Society of South Africa. 
Vol. I, March 1, 1896 ; II, pts. 1 and 2, February and March, 
1896. Johannesburg. Edited by the Secretary, Davin Draper, 
F.G.S.—Some of the papers, given in these transactions, the pub- 
lication of which has been recently commenced, are as follows : 
The primary system of South Africa with special reference to the 
conglomerate beds of the Witwatersrand by David Draper; on 
the economic importance of the Murchison Range by C. Wilson- 
Moore; on Kimberley and its diamonds by W. Guybon 
Atherstone. 

3. The Rubies of Burma.—In the January number of this 
Journal (p. 64) extensive quotations are given from the abstract 
of a most interesting paper by C. Barrincton Brown and J. W. 
Jupp on the rubies of Burma and the associated minerals, their 
mode of occurrence, origin and metamorphoses. Those interested 
will be glad to learn that the fall memoir has now been published 
in vol. clxxxvii, pp. 151-228 of the Philosophical Transactions. 


* Elements of Geology, Third Edition, pp. 264-266. 
+ Manual df Geology, Fourth Edition, p. 380. 
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OBITUARY. 


Str Joserpu Prestwicn, D.C.L., F.R.S.,* the most eminent of 
British geologists, has just passed away, and those who last 
Saturday stood around his grave amid the chalk hills of his pleas- 
ant country home at Shoreham, near Sevenoaks, felt that they 
were paying a last tribute to a veteran who had outlived all the 
associates of his prime, who had completed all his earthly tasks, 
and had gone to rest full of honors, and revered by all who knew 
him, 

Joseph Prestwich was born in 1812 at Clapham, and after 
passing through elementary schools in London and in Paris, he 
proceeded to the famous grammar school of Dr. Valpy at Reading, 
and completed his education at University College in Gower 
street. At this college his thoughts were directed to science by 
the lectures of Edward Turner on chemistry and of Dionysius 
Lardner on natural philosophy. Turner, moreover, introduced 
the subjects of geology and mineralogy into his course, and 
thereby Prestwich gained those first lessons which aroused his 
interest and led him by force of circumstances to devote his 
leisure to geological studies. Had he been free to take up a pro- 
fession he might, indeed, have given his special attention to 
chemistry. He was, however, destined to enter into commercial 
life, and until he was sixty years of age he was busily engaged in 
the city as a wine merchant. Assiduous and successful as a man 
of business, he yet contrived, from his earliest years in the office, 
to give great attention to geology, and he devoted all the leisure 
he could command to this subject, first of all as a means of relax- 
ation, and finally because his interests were centered in the study. 
In early years his business-journeys enabled him to see and learn 
much about the general geology of England and Scotland; and 
when still a youth he spent his holidays during two successive 
years in studying the district of Coalbrook Dale in Shropshire, in 
mapping the various strata exposed at the surface from the 
Silurian rocks to the New Red Sandstone and Drifts, in marking 
the lines of fault, in noting in detail the character of the Coal 
Measures, and in gathering together the fossils from the several 
formations. The masterly memoir which he wrote on this area 
was communicated to the Geological Society of London in two 
portions in 1834 and 1836, being completed when the author was 
but twenty-four years of age. Meanwhile he had paid a visit to 
the north of Scotland, and had given some account of the 
ichthyolites of Gamrie in Banffshire, a task which he undertook 
at the suggestion of Sir Roderick (then Mr.) Murchison. This 
was his first paper published in the 7iansactions of the Geological 
Society, of which he had been elected a Fellow in 1838. 

Later on he came to devote his special attention to the Eocene 
formations in the neighborhood of London, and in course of time 
he thoroughly investigated the entire area of the London Basin. 


* This notice is quoted from Nature of July 2d. 


Miscellaneous Intelligence. 171 


In particular he defined and named the Thanet Sands and the 
Woolwich and Reading Beds; and he studied the sequence of 
organic remains in the London clay, and the subdivisions of the 
Bagshot series. In these researches he paid especial attention to 
the lithological changes of the strata and to their fossils, so that 
he could picture the physical conditions under which the several 
formations were deposited. He extended his observations into 
the Hampshire Basin, and showed that the Bognor beds formed 
part of the London clay, and eventually he proceeded into France 
and Belgium to correlate the subdivisions there made with those 
he had established in this country. This great work among the 
Eocene strata occupied much of his time for nearly twenty years, 
and it served to fully establish his reputation not only as a keen 
and accurate observer, but as a most philosophical geologist. 
Another great achievement soon awaited Prestwich, and that was 
the investigation of the valley gravels supposed to contain the 
works of man in association with extinct mammalia. Boucher de 
Perthes had in 1847 announced such discoveries in the Somme 
Valley, but they had received little attention. The somewhat 
similar discoveries in Kent’s Cavern, by MacEnery, had likewise 
been neglected. Attention was, however, forcibly directed to the 
subject by the discoveries made in Brixham Cave in 1858, and 
Dr. Falconer then induced Prestwich to examine the evidence 
brought forward in the valley of the Somme. The results of 
these researches, which were carried on in conjunction with Sir 
John Evans, and which were followed by a study of the English 
evidence at Hoxne, in Suffolk, in the Ouse Valley, and elsewhere, 
are well known. The contemporaneity of man with the Mam- 
moth and other Pleistocene mammalia was fully established, and 
the antiquity of man came to be the most absorbing topic of the 
day. That vexed question still remains a matter under discus- 
sion, although Frestwich, in some of his later articles, has 
sought rather to reduce than to extend the time-limits of man’s 
existence. 

Subjects of practical importance from time to time engaged his 
attention. In 1851 he published “ A Geological Inquiry respect- 
ing the Water-Bearing Strata of the country around London,” a 
work which at once became the standard authority on the subject, 
and has lately been reissued with appendices. The author took 
a prominent part on the Royal Commission on Metropolitan 
Water Supply in 1867, and his services were again in request on 
the Royal Coal Commission, to the reports of which, published in 
1871, he contributed accounts of the Bristol and Somerset Coal- 
field, and of the probable extent of Coal Measures beneath the 
Secondary rocks of the south and south-east of England. Agree- 
ing generally with the conclusions of his friend Godwin-Austen, 
he was led to infer that concealed coal-fields might extend from 
Somersetshire eastwards to the neighborhood of Folkestone. 
Subsequent explorations at Dover have shown the correctness of 
these theoretical views. 
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Prestwich was elected a Fellow of the Royal Society in 1853, 
and was appointed a Vice-President in 1870. In that same year 
he was chosen President of the Geological Society, and in the 
course of his two addresses he dealt with the subjects of deep-sea 
researches and water-supply. 

His attention had been given at various intervals to the later 
Tertiary deposits, and in 1871 his three great papers on the 
structure of the Crag-beds of Suftolk and Norfolk were published 
by the Geological Society. So much had been written by others 
on these very fossiliferous strata, that the author had not scope 
for so much originality as was the case with his Eocene researches. 
These later papers were, however, characterized by the same 
exhaustive treatment of the subject, in the record of many sec- 
tions, and in the enumeration of the organic remains. His 
memoirs on the Pliocene or Crag formations were eventually 
followed by a series of articles dealing with more recent deposits. 
In the meanwhile Prestwich, who had retired from business in 
1872, was offered the chairof Geology at Oxford, vacant through 
the death in 1874 of John Phillips. It came rather as a surprise 
to his friends that a man who had achieved such distinction and 
had earned repose should again go into harness. A young and 
ardent teacher would, however, at that time have been out of 
place, and, as events proved, no one better than Prestwich could 
have been selected to fill the post with such advantage to the 
University. 

One result of his labors in Oxford was his large and hand- 
somely illustrated work, in two volumes, entitled “Geology 
Chemical, Physical, and Stratigraphical”—a work in which he 
opposed the strictly uniformitarian teachings of some geologists, 
and urged that, though the agents were similar in kind in past 
ages, they were not similar in degree to those of the present day. 
Retiring from Oxford in 1888, Prestwich again surprised his many 
friends by his renewed activity. Paper after paper issued from 
his pen, dealing with the most difficult problems connected with 
the later superficial deposits—notably his memoir read before the 
Royal Society on the “ Evidences of a Submergence of Western 
Europe and of the Mediterranean Coasts at the close of the 
Glacial or so-called Post-Glacial Period.” He dealt also with 
the rudely-made plateau flint-implements of the Chalk Downs, 
many of them found near his Kentish home. Although individ- 
ually they would not attract much notice, he maintained that 
these rudely-chipped flints bore traces of human workmanship, 
and collectively showed evidence of a peculiar type of earlier date 
than the ordinary Palwolithic implements. 

These later writings of Prestwich have initiated many new 
lines of inquiry, even if they have failed to carry conviction to 
all his readers. 

The last honor bestowed upon him, in the early part of this 
year, was that of knighthood, which he was unable to accept in 
person from Her Majesty owing to his feeble health. He died on 
June 23, at his home, Darent Hulme, near Shoreham. u. B. w. 
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NIVEN & HOPPING. 


MINERAL DEALERS. 


GREEN MUSCOVITE from N. C. Bright faces and transparent 
emerald green, $9.10-.35. 

BIOTITE IN MUSCOVITE from S. Dakota. Very distinct outline, 
in broad bands and triangles, $0.25-.50. 

EKDEMITE ON WULFENITE, a new lot just received, a few asso- 
ciated with chrysocolla. Very bright specimens, $0.10-10.00. 

THE PATERSON QUARRY is now yielding fine specimens of Heu- 
landite, Apophyllite, Pectolite, etc., Calcite, twins Amethyst, Albite in 
peculiar crystals (on quartz). Approval lots should be ordered now. Thau- 
masite; in great variety. 

PECTOLITE, NATROLITE AND PREHNITE from Guttenberg, 


a large stock at cheap prices. 


DR. SPENCER’S COLLECTION. 


Dr. Spencer’s collection, which he has commissioned us to sell, is now being 
sold by selection. Collectors should not fail to get an early choice from the 
collection while the best things remain. Communicate with us at once if 
you wish to get an early pick of fine minerals. 


METEORITES. 


We have the following stones and irons for sale: Cafion Diablo, $16.00, 
$12.00, $10.00, and small complete masses, 25-75c. ; El Capitan, N. M., 
$16.00; Fayette Co., $7.00, $4.50; Llano del Inca, $2.00, $2.50; Pultusk, 
$2.50, $4.25; Winnebago, $10.00 ; Beaver Creek, $1.50, $5.00, 38.00; Dona 
Inez, 2, each $3.25; Cherokee, $12.00, $16.00: New Concord, 34.00. List 


with weights, etc., on application. 


MICROSCOPIC MINERAL SPECIMENS. 


Box mounts, of standard Rakestraw boxes 1" x1’, at 25 cents each, 5 for 
$1.00. Send a dollar and get a dozen to select from. 

Approval boxes of minerals sent by mail or express. 

Crystal stands of wood, Kakestraw boxes, hammers, etc. Our latest bul- 


letin for stamp. 


504-6 LIBERTY BUILDING, 


Liberty and Greenwich Sts., New York City. 


DR. BRAN TS, 


RHENISH MINERAL OFFICE, 


BONN ON THE RHINE, GERMANY. 
ESTABLISHED 1833. 


LARGE STOCK OF MINERALS, METEORITES AND FOSSILS 
Trial consignments will be sent to responsible persons with the privilege 
of examination ; specimens not retained must be returned, well packed, in 
good order, and at the expense and risk of the consignee, within two weeks 
after receipt. 
MODELS FOR TECTONIC GEOLOGY. 

Collection of 32 models for tectonic geology made under the special direction of 
D. G. Kalkowsky, Professor in the Technical High School in Dresden. Mark 
300. Package M. $17.50. 

These solid models and light hollow cases, all of the same size (10:20:25 cm.), 
painted with different bright colors, exhibit all the kinds of arrangements of 
stratified and igneous rocks and offer the great advantage of exhibiting these 
relations not only in single sections, but bodily or in sections in two directions 
and at the same time in the form of a map. All the models represent these con- 
ditions as plainly as possible and unite sections and cartographic representation 
in a single whole. It is possible, in a short space of time, with their help, to 
demonstrate in the clearest manner all the kinds of arrangement of rocks. 

17 models (from left to right): No. 5, 22, 9, 8, 10, 6, 11, 12, 13, 14, 15, 19, 18, 
16 may be united to form one section showing on the left the arrangement of 
rocks in a folded mountain region, on the right that in a mountain region with- 


out folding of strata. 
FOSSILS. 


Very fine fossil plant collections. 

Mammoth molars and incisors. 

Entire Mounted Skeletons of Ursus spelaeus, from Silurian, English 
and Bohemian fossils. 

Devonian Fossils from the Eifei. Magnificent Devonian Starfishes and 
Crinoids. 

The well preserved Carboniferous fossils of Belgium. 

Devonian Fishes, very fine, entire. 

Entire skeletons of Ichthyosaurus. 

Middle Jurassic of France: Pentacrinites, Ammonites of every size and beauty. 

The fine Solnhofen Jurassic plates: Pterodactylus, Rhamphorhynchus, 
Ichthyosaurus, fishes, insects, crinoids, crustacea, etc. 

Cretaceous fossils of Texas (Collection F. Rémer), 

THIN SECTIONS, 
For Microscopical investigation. 

Single sections of Rocks will be furnished at the rate of 25c. to 40c., according 
to the difficulty of manufacture. 

Collection of 120 properly mounted sections of 59 Mineral-species, in elegant 
etui. Price $45. 

Smaller collection of 50 properly mounted sections of 22 Mineral-species, in 
elegant etui, Price $12.50. 

All preparations will be microscopically examined before sending; the 
correctness of the designation is therefore warranted. Models for tectonic 
Geology and thin-sections will be sent only on a positive order. 

New editions of the following lists have just come out and will be sent on 
demand: 

List of new acquisitions of excellent fossils. 

Catalogue No. V*; Professor Groth’s collection of 396 crystal-models in wood. 

Catalogue No. XI; Professor Vrba’s collection of 280 crystal-models in paste- 


board. 
Supplement to Catalogue No. 1V: New Rocks. 


Represented in the United States by Messrs. Eimer & Amend, 
205-211 Third Avenue, New York. 
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MINERALS. 


CRYSTALLOCRAPHY. 
Preston’s Crystal Models 


Series of Six Crystal Models 
in transparent celluloid (averaging four 
inches longest diameter), exhibiting the 
six different systems of crystallization, 
and showing various derivative forms 
by means of internal crystals. 

Price of the 6 models, in case, $16 


Series of 20 Models, solid cut 
glass, showing forms in the six sys- 
tems of crystallization. Price $12 


Series of 70 Models, solid cut 
glass, showing the crystalline form 


and color of the more prominent 
gems. Price $60 
Series of 20 Models, ditto, $18 | Series of 100 ditto, Price $30 


Series of 18 Models, ditto, $15 Series of 50 ditto, Price $15 
Series of 16 Models, ditto, $14 The same sets in white, $30, $16 and $8 


Series of 200 Crystal Modelsin | "spectively. 
plaster, with colored faces, mounted with | Series of 43 Crystal Models, 


brass standards on black walnut blocks, in wood (about 1} inch diameter), a few 
each separately labeled with name of revolving on axes to show twin forms, 


mineral and crystallographic formula. in neat wooden box with sliding cover, 
Price $65 Price $10 


DIAMOND AND CEM MODELS. 


Series of 15 Models, in cut glass, of the CeLEBRATED Diamonps of the World. 
These models are perfect copies of the originals in size, appearance and color, and 
comprise the following: 

Kugenie, Kohinoor (original cut), Pasha of Egypt, Sancy, 
Florentine, Kohinoor (re-cut), Piggott, Shah, 
Great Mogul, WNassak, Polar Star, Star of the South. 
Hope, Orloff, Regent, or Pitt, 
Price, in velvet-lined case (two styles), $25 and $30 


Set of 4 of the above, including the Florentine, Kohinoor (re-cut), Orloff and 
Pitt. Price, $8 
Series of 84 Models, in glass, illustrating most of the substances prized as 
gems. These models are faithfully colored, and each specimen is cut in the form 
most commonly employed for that variety in jewelry. In morocco case. Price, $40 


Series of 6O, in morocco case. - - . : Price, $22 
66 rT; “ “ Price, $15 
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